

















General Electric engineers combine high power and 
flexible experimental Space in new test reactor 


A major advance in react te logy was made by will use the reactor for fuel development and general 
General Electric engineers and scientists in designing research programs. Experimental space will be avail 
and developing the new 30,000-kw General Electric able for other organizations within the industry. The 
Test Reactor (GETR design and development of this new reactor is another 
example of General Electric engineering leadership in 
A new concept i hs ocr rch reactors, the the field of atomic energy. Atomic Power Equipment 
GETR permits a wide : y of simultaneous high Department, General Electric Co., San Jose, California 
flux experiment met he need a diversified 
research program. The lvantages of high specifi 
power in a tank-type reactor nd ie large, easily 


accessible experimental space of a pool-type reactor Progress /s Our Most Important Prodvet 
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microfilm copy of the first issue and the 
Tenth Anniversary Issue of NUCLEON- 
ics. We are honored by this recogni- 

tion of the part our magazine has been 

privileged to play in telling the story 

of these hectic yet wonderful ten years. 

We're Honored index Time 
Within the cornerstone of the nev Metal 
AEC headquarters building in German- are 


boxes sealed in cornerstones 


one way of passing information 


town, Maryland, is a metal box con along to future generations—a _ well- 


indexed scientific literature is another 
after all, the key to un- 


information stored in the 


taining mementos of this 
The range broadly 
motion President 
hower’s 1953 Atoms-for-Peace 
United 
carbon-dated linen wrappings fromthe — the 
Dead Sea scrolls All the major AKC 


service included as are 


itomic ag 


from An index is 


mementos 


pictures of Kisen locking the 


addre issues it covers. It is for this reason 


Nations to that we particular attention to 
utility of the 


index that is bound into the Decem- 


before the radio pay 


completeness and 
awards are ber issue each vear. 


specimens of atomic energ materials This year being no exception we 


116 and 


peruse the wares there displayed. A 


from raw uranium ore to finished fuel invite you to turn to pag 
elements. 
memento 


Included among the few minutes spent now getting to know 


are pleased to be able to report the categories used will help in seeking 


MICROFILM COPIES OF NUCLEONICS Tenth Anniversary Issue (September, 1957) 
and very first issue (Vol. 1, No. 1, September, 1947) were included (arrow) among 
mementos of the atomic age placed in cornerstone of new AEC headquarters building. 
Other contents include MTR fuel element section (upper right), uranium fuel slug (far 
right) and pencil-type dosimeter (bottom right) 
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Nuclear Accidents 


Everyone in this business is keenly 
aware of the need to do everything 
possible to insure the safe operation 
Nevertheless ac- 


cidents will occur, and when they do 


of nuclear facilities. 


they provide lessons of prime signifi- 
cance to all who deal with the atom. 
It is for that reason that we made 
this 
text of official reports on two recent 
that at 


production reactor (p. 43) 


space available in issue for the 


nuclear accidents Britain's 
Windscale 
and that at the M. W. Kellogg Co.’s 
Houston, Texas last 
March (p. 42 

We plan to make a regular feature 


isotope lab 


of these official accident reports and 
out with them as soon after they 


possible We are 


that we 


come 
ppear 4s 15 sure 
ou join Us In the hop will 


not be publishing many of them 


Fusion 


| verywhe re we go we see e@\V ide nce 
real interest in thermonu- 
Nuclear Week 


was the large crowd 


the very 

ir power. During 
in New York it 
packed into a hot lecture hall to listen 
to Marshall Rosenbluth talk on the 
effect. Last month it was 
Winston Bostick of Stevens Institute 
record 


pinch 


of Technology lecturing to a 
turnout of the Princeton IRE section 
on “What We Can the 
Russians about Controlled Thermonu- 
clear Fusion Wi 


» «le velopment to 


Learn from 


mean to teport the 
you as they 

ul For our views on classification 
policies in this area see this month’s 
editorial (p. 35). 
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Special Report on Control Systems 





Blickman- Built 
STAI ” LESS STEEL 


VACUUM 


RACK 


ENCLOSURES 


FOR HANDLING RADIOISOTOPES 
AND RADIOACTIVE MATERIAL 


Send for Technical Bulletin . 
also folder ilustrating 
Blickman Built 

Stainless Steel 

Specialized 


Blickman-Built 


Look for this symbol of quality 
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LOS ALOMOS TYPE E/S5 


These Blickman-Built stainless steel vacuum rack 
enclosures are designed for the safe handling of 
radioactive materials in research applications. Two 
types of racks are available. 

TYPE €5-1 has a vertically-rising door. A similar 
door can be provided on the opposite side if opera- 
tion from two sides is desired. 

TYPE E5-2 has sliding doors with can also be pro- 
vided on the opposite side for two-sided opera- 
tion. Available in various lengths to meet specific 
requirements. 


CALIFORNIA TYPE E/8 


Seamless, crevice-free, 
round-corner construction 
assures easy cleaning, fa- 
cilitates decontamination. 


This Blickman-Built hood is de- 
signed for the handling of haz- 
ardous substances such as ra- 
dioactive isotopes and other 
radioactive materials. The air 
supply to the hood is filtered 
through expendable type filters 
located at both ends. 


BLICKMAN 
SAFETY ENCLOSURES 











In the application of atomic energy 
extensive safeguards must be employed 
to assure protection against 

the harmful effects of 

ionizing radiation. 
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controls for radiation 


IN C. 


Con-Rab provides a comprehensive and 

expert program for the control of 

radiation hazards as they are encountered in 

nuclear-reactor operation, uranium ore mining and milling, 

fuel fabrication and reprocessing, 

radioisotope laboratories, 

particle accelerators, and RADIATION HAZARDS 

high-level gamma irradiation facilities. PROTECTION SERVICES 

The utilization of ‘agate ell 
S 


Con-Rap’s coordinated services aye 
Radiological Safety Education 


assures that governmental regulations Radiation Protection Procedures 
and Standards 


are being fully complied with Leasing of Monitoring 

and that optimum protective measures enemy a 

and that optimum protective mea ures fie Geaaiadie 

for employees and the general public Bio-assays for Radioactivity 
Operational Surveys 

Proposals will be made without 


obligation for a program involving 
wo brochures are available on request any or all of the above services. 


T 
C-] Radiation Hazards Protection Program, 
C-2 Applied Nuclear Research and 


are installed and maintained. 


Radioanalytical Services. 


CONTROLS for RADIATION, inc. 130 Alewife Brook Parkway, Cambridge 40, Massachusetts 
December, 1957 - NUCLEONICS 





If you are concerned with: 


Reactor development... 
Atomic energy projects... 
Nuclear problems... 


This data book 
will help you 


In nuclear science and engineering the 
importance of the neutron absorption re- 
action of the boron isotope B!° is well 
recognized, 

Now, for the first time, available data 
on the development of numerous stable, 
boron-rich materials have been compiled 
and coordinated by Norton in one con- 
venient reference book. 

This book is the ““Handbook on Boron 
Carbide and Elemental Boron’’ - 
pact source of technical information on 


a com- 


materials made by Norton for use in the 
atomic energy field. 

A partial list of the table of contents 
includes: Boron for neutron absorption . . . 
. « Properties of 
Commercial grades of boron 


Technical grade boron . 
boron 
carbide Radiation damage to boron car- 
bid: Bonded boron carbide (carbon, 
silicate, plastic, metal)... Boron nitride... 
Metal boride 
fully described and illustrated 
charts and photographs. 


These and many other sub- 
jects are 


with tables, 


A Quarter-Century of Experience 
Work in Norton laboratories on boron 
compounds began some 25 years ago. 


Thi included the 


NORBIDE* boron carbide, the hardest ma- 


development of 


terial yet produced commercially. Nor- 
ton facilities for producing NORBIDE wear- 
resistant artic les and abrasive have been 
expanded to supply boron carbide in 
numerous forms for atomic energy ap- 
plication 

Recent Norton development has been 
aimed at improving the quality, increas- 
ing the production and reducing the 
costs of various boron-rich products, As 
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This new free Norton “Handbook on Boron Carbide and Elemental 
Boron’’, is a valuable reference, containing both fundamental 
data and practical information. Printed in colors with many 
charts and tables it will serve as a useful and permanent addition 
to the reference files of those concerned with atomic energy and 


related fields. 


a result, Norton now produc es these ma- 
terials to highest purity standards, at 
prices ranging between one-half and 
one-tenth of former pricing. 


Other Norton 
Electric Furnace Products 

of special interest to nuclear engineers 
include aLtunpUM* fused alumina, Crys- 
TOLON* silicon carbide, MAGNORITE* mag- 
nesium Oxide, FUSED ZIRCONIA and various 
refractory carbides, oxides and nitrides, 

Besides being the basic ingredients of 
the famous Norton Refractory Rj’s — re- 
fractories engineered and prescribed for 
the widest range of conventional applica- 
tions — these high-melting materials are 
finding many new and valuable uses in 
atomic energy projects. 


They are all described in the new 
Norton handbook, For your free copy, 
write to Norton Company, Refractories 
Division, 661 New Bond St., Worcester 


6, Massachusetts. 


NORTON 


REFRACTORIES 


Engineered... R. .. Prescribed 


Gilaking better products... 
to make your products better 


*Trade-Marks Reg. U.S. Pat. Off. and Foreign Countries 
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i Norwood Controls’ Power and 
Temperature Control Panel and 
Auxiliary Instrument Panel (at 
left) are the heart of the PWR 
: , reactor plant instrumentation and 
5 Terre 
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ey 5 control system, Measurement, com- 


putation, auctioneering, alarm, and 
control functions are performed, 
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DIAGRAM OF POSSIBLE SYSTEM ARRANGEMENTS 
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Write for descriptive literature on ““ELECTROSYN SYSTEMS” 
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NORWOOD CONTROLS UNIT 


DETROIT CONTROLS 
Division of Amenican-Standard 


944 Washington Street, Norwood, Mass. 
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Brookhaven National Laboratory, Upton, N.Y. 


New Brookhaven fuel element 
gives improved performance 


Scientists and engineers of the 
Brookhaven National Laboratory 
have conceived a reactor fuel ele- 
ment of advanced design that prom- 
ises to greatly improve the useful- 
ness of the BNL Reactor. 

The new design differs markedly 
from the one used originally when 
the Brookhaven reactor the first 
large-scale research reactor in the 
United States— was put into opera- 
tion in 1950. 

The original fuel elements were 
natural uranium slugs, 4 in. by 1.1 
in. in diameter, canned in finned 
aluminum tubes. The improved two- 
foot element, shown above, is an as- 
sembly of three fuel plates which 
contain highly enriched (93%) ura- 
nium-aluminum alloy clad in alumi- 
num. The new element is expected 
to afford five important advantages: 


an increase 
up to 3x10". 


. Higher neutron flux 
from the present 5x 10 


. Lower total reactor heat output —a 
reduction from 24 to 20 megawatts. 


Less cooling air required—due to im- 
proved aerodynamic design of the 
enriched elements. 


.Higher fuel burn-up of contained 
U™-up to 40% burn-up with enriched 
elements compared with 10% 
tained with present natural uranium 
fuel, 


ob- 


Reduced reactor inventory of U”- 
from 385 Kg contained in present 
fuel to 55 Kg in enriched elements. 


With more than eight years’ pio- 
neering experience in the fabrication 
and development of all types of fuel 
elements, Sylvania-Corning Nucleai 
Corp. was chosen to supply several 
hundred test elements of the new 


design. These were installed in the 
central “hot spot” of the reactor for 
proving out, 

Results have proven satisfactory 
and Brookhaven has decided to go 
ahead with the complete replace- 
ment program based on the new 
design. Sylvania-Corning Nuclear 
Corp. will supply the 5000 fuel ele- 
ments needed. 

Whether your own reactor 
actual operation, or merely in the 
planning stage, our scientific and 
engineering staff is ready to assist 
you, too, in achieving improved fuel 
performance. For your files, write to 
us at Bayside, N. Y. for our booklet 
on Nuclear Fuel Elements. 
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Destruction through heat... 


One of the accepted ways of sterilizing pharma 
iticals is through the application of heat. Thi 
thod, however, often results in a reduced 


¥ COBALT 60 PRICES 


ww, however, irradiation may provide a 
ore profitable method of sterilization that REDUCED UP TO 70% 
ympletely eliminates destruction through heat 
Nuclear Systems’ gamma radiation interest 
is diverse as the vulcanization of rubber Nuclear Systems has reduced the 
irradiation of foods, the polymerization of 
thetic resins and the synthesis of chemical 
Nuclear Systems can provide a complete radi Write for complete price list. 
package-——equipment, instrumentation, 
ning, facility design and sources of cobalt 
60 up to 50,000 curies. 


prices of cobalt 60 up to 70%. 


NUCLEAR ae TeEMs| Rorhf- 


A Divis ) ' j COMPANY. Philadelphia 


























Vallecitos Atomic-Electric Power Plant... 


ON THE LINE 


Nation's first privately financed atomic 





power plant begins operation 


On October 24, 1957, this country’s first all privately financed 
atomic-electric power plant began feeding 5,000 kw of 
electricity into the Pacific Gas and Electric Company's trans- 
mission network. The General Electric boiling water reactor 
which furnishes steam to a conventional turbine-generator, 
owned and operated by PG&E, was issued power reactor 
License No. 1 by the Atomic Energy Commission. 


Operation of the reactor has been successful: the system is 
stable, responds quickly to load changes, and steam capacity 
is greater than presently licensed limits. Low radioactivity level 
permits direct maintenance of the turbine during operation, 


Located at the General Electric Vallecitos Atomic Labora- 
tory, the reactor is now providing operational data for the 
180,000-kw Dresden Nuclear Power Station which General 
Electric is building for Commonwealth Edison Company and 
the Nuclear Power Group, Inc. 


Designed and built by General Electric in co-operation 
with Pacific Gas and Electric, a member of the Nuclear Power 
Group, the Vallecitos Atomic-Llectric Power Plant is a tangi- 
ble step forward in the development of economic commercial 
nuclear power. Atomic Power Equipment Department, Greneral 
Electric Company, San Jose, California. "76 
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5000 kw was generated Oct. 24, 1957, at Vallecitos Atomic Power Plant, 
17 months after ground-breaking. The General Electric reactor, built at a 
cost below original estimate, operates on AEC power reactor License No. 1. 








“Our greatest challenge... 
the development of men’’ 


Ralph Cordiner, President, General Electric Company 


“Few expenditures we can make are more ‘‘Freedom needs educated people. So do busi- 
important than those for education. A well- ness and industry. I earnestly ask you to 
educated person produces moreand consumes support the college or university of your 
more, makes wiser decisions al the polls, choice in its planning for expansion and a 
mounts a stronger defense against aggression, stronger faculty. The returns will be greater 
and is better able to perform the grave re- than you think,” 

sponsibilities of American citizenship. 

j 


If you want more information on the problems faced by 


HIGHER EOUCATIOS 


higher education, write to: Council For Financial Aid To 


Kducation Linx 6 ke. 15th Street New York iy - New York 


Keer IT SmonT 


Sponsored as ap thi ( ( in cooperation with the Counearl for la inancial Aid Lo Kducation 











no other material 
has so many 
useful nuclear 
properties 


. for Moderators, Reflectors, Thermal Columns, Molds and Crucibles 


Pel |ATIONAL NUCLEAR GRAPHITE 


TRADE MARK 


Graphite is the material nuclear scientists call 
surprisingly versatile. Starting with the very first 
reactor, science has used this versatility to solve 
nuclear engineering problems. 

“National” Nuclear Graphite was used in early 
reactors because of its excellent moderating prop- 
erties and low neutron cross-section. Its low cost, 
safety, easy machinability and high refractory 


qualities also combine to make it an indispensable 
structural material. Moreover, the addition of 
boron in low percentages makes graphite excellent 
for shielding. 

Whatever your needs. . . extreme purity, unique 
shapes or sizes, high density, large quantities, fast 
delivery ...see National Carbon, the nation’s most 
experienced graphite producer. 


The terms “National” and "Union Carbide” are registered trade-marks of Union Carbide Corporation 


NATIONAL CARBON COMPANY «+ Division of Union Carbide Corporation « 30 East 42nd Street, New York 17, N. Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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Tension tests are ay ele to be made at room 


temperatures and at 


70° F. The following minimum 


physical properties shall be met: 
At Room Temperature: 


TS 
70,000 


Ys EL RA CHARPY V-NOTCH 


30,000 Ls 50 50 


At 670° F, the minimum tensile strength shall be 
51,000 p.s.i. and the minimum yield strength 
18,300 p.s.i. 


Rejection 


Each casti 


ng that develops unacceptable 


defects during shop working or fails to 
conform to all of the requirements of 
these specifications shall be rejected, 


No repair by welding or other means 


Will be permitted, 


All cast pipe shall be hydrostatically 
tested to 5,900 p.s.i. and held at that 
pressure for 20 minutes with zero pipe 
leakage. Each length of pipe shall be 
hydrostatically tested at the manu- 
facturer's plant. 


The 30lL stainless steel shall con- 
form to the following ladle analysis: 


.O3 max, 
1.50% max, 


Carbon 
Manganese 
Phosphorous 
Sulphur 
Silicon 
Chromium 





Radiographic Inspection 


(a) Paragraph S5 (a) of the Supplementary requirements 
of ASTM-A 362-52T. 


(ob) All castings shall be radiographed 100% and shall 
conform to ASTM-E7 1-52, Class 2 quality, except 
as modified by these specifications. 


The manufacturer shall establish a positive system 
of identification of the X-ray plates which shall 

be subject to approval by the inspector. This 
system shall guarantee complete coverage by 
radiographing and provide for positive identification 
between the plate and the subject. 


Inspection of Penetrants 


All castings shall be subjected to inspection by 
fluorescent penetrants or penetrating dyes both inside 
and out. All cracks, porosity, or flaws revealed as a 
result of the Dye Penetrant Test shall be due cause for 
rejection of the casting. 


Pipe: All pipe of the following sizes shall 
be centrifugally cast stainless steel as per 
ASTM-A 362-52T, except as modified by these 
specifications: 


16" - Sch. #160 
12" ~- Sch. #160 
10" - Sch. #160 
8" ~ Sch. #140 


All pipe shall be machine finished to 125 
micro-inch interior and exterior. 
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for nuclear power 


met by 


U.S. PIPE 
patented 
process 


Centrifugally Cast Stainless Steel 
Solves Many Piping Problems 


Combinations of temperatures, pressures and corrosive condi- 
tions never encountered before: these are among the piping 
problems that must be overcome by the men who design the 
nation’s nuclear power installations. 


Stainless steel centrifugally cast pipe provides many of the 
answers. Study the specifications at the left... specifications 
demanded of stainless steel pipe on a recent job for Paul 
Hardeman, Inc., Los Angeles, California. This pipe is being used 
for heavy duty, high pressure, elevated temperature service in 
the primary piping system of the SPERT-II| Reactor at the U.S. 
Atomic Energy Commission's National Reactor Testing Station 
near Idaho Falls, Idaho. The Stearns-Roger Mfg. Company, 
Denver, Colorado, is the architect-engineer on this project. A 
complete tabulation of the actual test data obtained on this pipe 
and to this specification is available upon request. 


U.S. Pipe is headquarters for metal mold centrifugally cast alloy 
and stainless steel pressure pipe over a wide range of special 
and standard analyses—in large and small quantities—and to 
individual specifications. 


if piping of the type described above is the bottleneck in your 
nuclear power pianning, write and outline the problem. 


SIZE RANGE 

AND COMPOSITION FLEXIBILITY 
Outside Diameter —6” to 50” 

Wall Thickness — %” and up 

Length —Up to 1@ 


Types of Stainless—All Standard AIS! and ACI grades 
of ferritic and austenitic stainless, including No. 20 
Alloy, 17-4 P H, 17-7 P H and E.L.C. grades. 


. 





New Ray Stoppers 


NATIONAL LEAD REPORTS RECENT DEVELOPMENTS IN LEAD SHIELDING 








Double-test-well lead shield speeds 
sample irradiation by cobalt-60 


To speed cobalt-60 irradiation experiments, National 
Carbon Company is now using a novel double-test- 
well shield built by National Lead*. 

The device consists of two main parts. 

The bottom shield, containing the wells, is station- 
ary. During irradiation in one well the other is set up 
for the next experiment. The “step” prevents “beam- 
ing”. “Broken stick” conduits provide access to the 
wells for themocouple leads or other test equipment. 

The top shield, containing a new-type 2000-curie- 
source capsule, positions this source at the desired 
height in the appropriate test well. It also provides 
for a safety interlock. And doubles as the shipping 
container for the source. 


Design meets four basic objectives 


Both shields are carefully designed weldments . . . case, 

mild steel; cavity linings, stainless steel ... filled by a 

special National Lead process with high-density, void- 

free lead. This construction and the geometry provide for: 

1. A large volume of high intensity irradiations without 
exceeding a 0.1 mr/hr external level; 

2. Reproducible or variable irradiation rates; 

3. Uniform dosage over the surface of large samples; 

4. Irradiations over a broad range of temperatures. 





*From a design developed by J. A. 
Ghormley and C. J. Hochanadel at Oak 
Ridge National Laboratory, operated 
by Union Carbide Nuclear Company 
for the AEC. 





National Lead offers “‘low- 


= _ New lead-filled 
count’’ lead to isotope users ace el erator beam | 











| hole shield 


From time to time National Lead re- 
ceives lead of extremely low radio- 
activity. 


Lead of this type has proved ex- | 
tremely useful as shielding where | 
background “noise” is acritical factor. 


Laboratories and instrument mak- 
ers wishing to be advised of “dead” | 
lead availability should subscribe to | 
this fact by writing National Lead. 





ADDRESS INQUIRIES concerning 
low-activity lead, lead shielding de-| 
vices, lead brick or other lead shield- 
ing materials to your nearest National | 
Lead office or warehouse or write:- 


NATIONAL LEAD SHIELDIN 


Five-inch all-around lead protection is 
provided by this National Lead-pro- 
duced “Combination Radioactive Ma- 
terial Shipping Container and Van de 
Graaff Accelerator Beam Hole Shield.” 


Despite its high protection and 
built-in extra utility, this 28-inch 
high, 14-inch diameter unit weighs 
only 1500 pounds and is unusually 
easy to handle. Note above-center-of- 
gravity location of lifting lugs, 
handled slide-in plugs, non-tip base. 
Cavity is stainless steel lined. Outer 
case is carbon steel. 
<This unit (one of a pair made by 
National Lead) is used as a storage 


cask for Co-60 in addition to its other 
functions. 


NATIONAL LEAD COMPANY 
General Offices: 111 Broadway, New York 6 
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ZIRCONIUM 


Zirconium is now in production by one of the country's newest 
corporate offsprings — Columbia-National Corporation 

Columbia-Southern Chemical Corporation, a subsidiary of 
Pittsburgh Plate Giass Company, provides experience in large 
scale inorganic chemical production. National Research Corpor 
ation contributes an extensive background in extractive and 
physical metallurgy 

This combination of talents and experience is already showing 
its effect. A new completely integrated pliant near Pensacola, 
Florida, carries raw zircon sand through to specification sponge 
at one location, under the complete control of one operating man 
agement using the exclusive Nitrophos extraction process and 
the proven Kroll magnesium reduction technique 

Technical service is available without obligation — to help 
you profit with zirconium. Technical Digests on reactor and 
commercial-grade zirconium properties and applications are 
now ready; write for either or both today, specifying your interest 


Columbia-National Corporation 


Owned jointly by Columbia-Southern Chemical Corporation 
and National Research ¢ or poration 


Dept. R 3-F —70 Memorial Drive « Cambridge 42, Massachusetts 


See us at the Chemical Show « December 2-6 « Booth No. 1044 





NUCLI 
A Magazine 
and an industry/ 
Share a 


and Take Stock 
of the Future 


A Nuclear Tomorrow 


Comes into View... 
NUCLEONICS will bring its 
important technical events 


into fine focus 


On the cover of the September Issue of NUCLEONICS are 
the words: “A Magazine and an Industry Share a 10th 
Anniversary and take stock of their future.” 

They echo a challenge . . . one that makes us review 
the purpose of NUCLEONICS: to serve as the industry’s 
only authoritative source for the newest developments 
in Atomic Power, Nuclear Engineering and Applied 
Radiation. This is the challenge of the next 10 years! 

As an indication of industry growth NUCLEONICS will 
reach approximately 20,000 paid subscribers in 1958. 
If your product or service is applicable to the Nuclear 
Industry advertise it in NUCLEONICS where the impor- 
tant buyers will read about it! 
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Coming In The First Half of 1958 
FEBRUARY ISSUE Special for ATOM FAIR (March 17-21) 


Exhibit previews and a Program Digest for technical and management sessions of the Fourth Nu- 
clear Engineering & Science Congress (EJC) at the International Amphitheater, Chicago will pro- 
vide extra editorial benefits in NUCLEONICS, February 1958 issue. 

Feature your booth number in your Show Issue advertising—or, if you are not exhibiting, repre- 
sent your products and services in the Show-in-Print. Contact your local representative for details. 


CLOSING DATE for February—January 8th 











A McGraw-Hill Publication 


NUCLEONICS ““es”” 





at threshold levels 
im your 
research and 
development ? 


A NIAGARA OF HEAT... through the metal skin of 


nuclear reactor fuel elements. The going rate of several million BTUs/second /square 
foot of surface area is eight to ten times higher than heat transfer rates of the pre- 
nuclear era. 

Managing heat transfer at the reactor level is typical of the high performance 
engineering assignments of NDA. The skills that have made it a leading reactor 
designer have been put to good use in other technologies as well. Its knowledge of 
heat transfer, for instance, led NDA to important developments in continuous metal 
casting. Experience in solving reactor coolant containment problems enabled it to 
make a definitive study of corrosion in supercritical distillation of sea water. 


NDA has also created important new programs and mathematical tech- 
niques using NDA and standard computers to advance modern industrial progress. 


The imaginative and experienced NDA team can solve a wide variety of 
technical problems encountered today. If you are at threshold levels in your research 
and development programs, investigate NDA’s capabilities. 


NDA may be able to help you break through to new horizons and new 
profit margins. 


OPPORTUNITIES EXIST AT NDA FOR QUALIFIED SCIENTISTS AND ENGINEERS 


A COMPLETE REACTOR COMPANY 


NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


5 NEW STREET, WHITE PLAINS, N. Y. + TEL. WH 8-5800 
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of Key Developments in Atomic Energy 


Government, Industry Seek Solution on A-Power Problems 


In 1949, Enrico Fermi predicted to the Joint Committee on Atomic 
Energy that: “[Competitive atomic power] is not around the corner . . . 
On the other hand, perhaps, one should not take necessarily a too pes- 
. « I find it really extremely dif- 


simistic view about this situation either . 


ficult to strike the right note be- 
tween optimism and pessimism.” 

This month, at the time of the 
fifteenth anniversary of Fermi’s Stagg 
Field reactor, the atomic energy in- 
dustry is finding it almost as difficult 
as did Fermi to assess the United 
States program. Some observers 
view the present state of the indus- 
try (NU, Nov. ’57, 21, 22) as rather 
bleak. Others see the atomic en- 
ergy industry in a situation similar 
to that which the country as a whole 
finds itself as a result of the Soviet 
satellite developments—being forced 
to re-examine its objectives and the 
means for achieving those objectives. 

Rather than being awakened by 
a sputnik, the atomic energy busi- 
ness is having its eyes ed by 
the economic realities of nuclear 
power. The industry is coming to 
the realization that, for the short- 
term picture, national policy consid- 
erations may well have to dictate 
the pace of the U. S. program rather 
than economic ones. 

And so, all eyes are turned to 
Washington where the two bodies 
that hold the future of the industry 
—the Joint Committee and the 
Atomic Ener Commission—are 
desperately seeking to make some 
sense of a confused situation, with 
each body seeking its own answers. 
The subcommittee on research and 
development of JCAE, chaired by 
Rep. Melvin Price (D-IIl.), held in- 
formal, closed-door seminars with 
reactor designers and builders on 
Nov. 21 and 22. And AEC held 
meetings with the same groups plus 
utility representatives (not invited 
to the JCAE sessions) on Dec. 3, 4, 
and 5. Probably symptomatic of 
some of the problems of the industry 
is the mere fact that two separate 
inquiries were held. 

Both discussions started from the 
same premise—that. foreign policy 
considerations should be the over- 
riding influence in determining the 
future course of the U. S. reactor 
program—and addressed themselves 
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to these basic questions: 

1. What specific policy objectives 
should the U's. have? sings 

2. What program should be es- 
tablished to achieve these objectives? 

8. What should the time scale be? 

These questions are being asked 
of the industry at a time when many 
companies are coming to the realiza- 
tion that some form of government 
support may be necessary to sustain 
the industry in an interim “uneco- 


PWR goes critical 


nomic” period. Or, to put it in an- 
other way, some industry le say 
that if the government believes a 
larger program than now exists is 
necessary, then government money 
will be needed to carry this incre- 
mental effort. 

This point of view then raises an- 
other set of questions confronting 
the policymakers: 

te ~ is to be a subsidy, 
what form should it take—support 
of research and development, capi- 
tal costs, fuel costs? 

2. Who should be subsidized— 
the manufacturers, the utilities, or, 
in a sense, the government? 

3. Who should determine how the 


At 4:30 a.m. on Dec, 2—15th anniversary of man’s first nuclear 


chain reaction—the U. S.’ first full-scale nuclear central station 
went critical. The $110-million Pressurized Water Reactor at 
Shippingport became cold critical at 116° F with eight (of 32) 
control rods withdrawn 34.13 in. from the pre-assembled core; 
calculations for that rod-setting had been for criticality at 110° F. 
The core is now thought to be slightly (up to 4%%) more critical 
than expected. Full power will probably be attained before the 
month is out. 


Britain completes a Calder sale 


Britain's first export order for a nuclear power station has at last 
been received. Italy is ordering a 200-Mw(e) Calder-type gas- 
cooled reactor plant, for a reported $56-million. The order goes 
to the Nuclear Power Plant Co., one of the four original British 
industrial consortia. Ordering the plant is AGIP Nucleare (NU, 
Sept. '57, 28), a state-controlled holding company for atomic de- 
velopment. ,The reactor, to be set up in north Italy, will be 
natural-uranium fueled and cooled by CO, in six primary loops. 
The station will be similar to, but smaller than the Bradwell sta- 
tion (300 Mw(e) from two reactors) being built in England by 
Nuclear Power Plant Co.; the fact the firm now offers 200 Mw from 
one reactor suggests an improved version. It's expected Italian 
firms will do much of the civil engineering work. A seven-year 
period of collaboration is called for in the contract between the 
two companies. Britain's Atomic Energy Authority will be re- 
sponsible for extracting plutonium from the spent fuel, which is to 
be returned to Britain for reprocessing. From Rome, NUCLEONICS 
received word that ENI (parent company of AGIP Nucleare ) feels 
no “sale” was involved, but rather that the accord signed Nov. 20 
was merely preliminary to the negotiation of a contract for a reac- 


tor to be signed sometime before June 30, 1958. 
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money is spent—the “donor” or the 
recipient? 

4, What are the implications of 
subsidy for the long pull? 

Still more questions arise in con- 
nection with the interests of U. S. 
indust in exporting reactors. 
Apart from the very basic matter of 
the size and importance of the for- 
eign market and the possibility of 
subsidy, industry needs answers to 
these questions: 

1, t kind of guarantees on 
fuel element performance can be 
offered to foreign customers? 

2. How can foreign nations be 
encouraged to deal with the third- 
party liability problem? 

is then is the background for 
the study and soul-searching now 
going on. The points of view of 
essential] three groups—JCAE, 
AEC ae | industry—must be synthe- 
sized into a workable program. But 
there appears to be agreement on 
only one thing—that something more 


needs to be done than is being done. 


What to Do: JCAE 

Actually, there is also agreement 
on another point: that if any real 
solution is to be found to the prob- 
lems at hand, it is vital that there be 
a harmonious environment in which 
to solve them. More specifically, 
JCAE and AEC need to work hand 
in hand, in an objective fashion. 

An important, constructive step 
in this direction was the letter from 
JCAE chairman Durham to AEC 
chairman Strauss calling for “a series 
of informal sessions between repre- 
sentatives of AEC and JCAE to ex- 
plore areas of possible agreement 
and methods of cooperation in de- 
fining objectives a means of im- 
plementation.” The letter also re- 
peated Durham's earlier call for a 
ten-year demonstration power re- 
actor program “to take over where 
the five-year experiment reactor pro- 
gram leaves off.” Strauss responded 
immediately by holding preliminary 
talks with Durham and other pee 
members, but what transpired was 
not disclosed. 

The $400-million government con- 
struction program proposed last year 
in the Gore bill by the Democrats 
was along the right lines, Rep. 
Price feels, to get the U. S. atomic 
power program moving faster. And 
the Democrats again this year plan 
to offer a big program. , Although 
Price did not say so, it is known that 
he, Senator Gore of Tennessee and 
Representative Holifield of Cali- 
fornia began working on such a bill 
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immediately after they returned 
from their recent visit to Russia. 
Gore has described the bill as pro- 
posing a “big” program. Almost 
certainly it will call for Federal con- 
struction of power reactors again, 
but the size of the proposed pro- 
gram is not yet fixed. 

Along with an increasing number 
of gree neg both in government 
and industry, Price believes the em- 
phasis in the U. S. power program 
should be aimed at the international 
field. Every time the Russians put 
up a big nuclear power plant, says 
Price, they will be scoring another 
psychological victory over the U. S. 

On the other side of the fence 
within JCAE are the Republican 
members, who oppose a program 
that would extend the government's 
activities in the field of electric 
power generation and distribution, 
and who feel it would be wrong for 
the U. S. to enter a “kilowatt race.” 
On the positive side, their views 
were cogently put in a farewell 
speech by former JCAE chairman 
Sterling Cole (R-N.Y.) who retired 
from Congress this month after 11 
years’ service on the Joint Commit- 
tee on Atomic Energy. Cole of- 
fered a six-point plan for determin- 
ing what needs be done—six things 
he said should be done by February, 
when the “Sec. 202 hearings” begin. 

Unexpectedly, perhaps, for a Re- 


publican long identified with con- 
servative private-enterprise economic 
views, Cole has the princi- 
ple of a subsidy for nuclear power 
development: “It would appear that 
the time has arrived when we must 
all recognize that federal subsidies 
are essential to a broad development 
program in reactor technology. The 
costs and risks are too great for 

rivate capital to do it alone. The 
field is too broad and other costs of 
government too demanding for the 
government to bear the entire de- 
velopment cost. 

“Therefore, it seems to me that 
AEC should immediately recom- 
mend to the Congress a formula for 
federal subsidies to atomic deve 
ment projects which would apply to 
all without discrimination, public 
and private sponsors.” 

Cole's five other points were: 

1. AEC, in consultation with the 
State Dept., should prepare “a clear 
statement of the over-all: and spe- 
cific overseas objectives that a 
strengthened or expanded nuclear 
power development program by the 
U. S. should meet,” including for ex- 
ample the relationship tween 
Euratom’s target goals and U. S. de- 
velopment goals, and the role Amer- 
ican suppliers might be called on to 
fill in the Euratom program. Like- 
wise the Administration “should es- 
tablish in broad terms the monetary 


Daystrom, Cook out; Sylcor drops plant 
The shake-out in the nuclear industry that became evident last 
month (NU, Nov. ’57, 21, 22) continued with two firms—Daystrom 
and Cook Electric—dropping out, and a third—Sylvania-Corning 
canceling plans for a major nuclear facility. This was the $5- 
million Andover, Mass., project that was to have been a center for 
development and production of nuclear fuel elements and core 


components (NU, Dec. 56, R6; Jan. 57, R12). 


The decision to drop 


the proposed center was due to economic conditions affecting the 
entire nuclear industry, said Sylcor president Lee L. Davenport: 
of the field’s three markets, government projects have been cut 
back; peacetime uses have not developed as predicted, and the 
overseas market “is rapidly being taken over by other countries 


with less cumbersome regulatory procedures.” 


Sylcor will go on 


producing fuel elements at its expanded Hicksville, L, I., plant. 
Cook Electric Co., whose Nucledyne Corp. subsidiary was barely 
a year old and had just completed elaborate radiation laboratories 
near Chicago; and Daystrom, active in the research and training 
reactor field, decided not to stay the course. Activities of Day- 
strom’s nuclear division will be coordinated into the firm’s central 
research laboratories. Stephen F. Malaker, who had been director 
of the division, is being retained by Daystrom as a consultant. 
He was_ also named Professor of Nuclear Engineering at Newark 
(N. J.) College of Engineering, and also is setting up a consulting 


firm. 
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support such foreign policy objec- 
tives should receive in the next of 


years.” 

2. AEC, in consultation with its 
technical advisory committees and 
the engineering and manufacturing 
industry, should prepare an ap- 
praisal of progress under its five- 
year program (the PWR-EBWR- 
SRE-HRT-EBR-2 program) and, 
based on it, “prepare a new and ex- 
panded government-sponsored pro- 
gram . . . [This] might include con- 
siderable emphasis on the develop- 
ment of small power reactors—not 
as prototypes of systems which may 
be economic in larger scale-up, but 
of reactors specifically designed to 
meet the needs of the underdevel- 
oped areas. I believe considerable 
attention should be given to what I 
call the ‘unsophisticated’ reactor— 
one operating at temperatures and 
pressures that permit the use of 
more complex materials of construc- 
tion and simpler fuel elements.” 

8. AEC, in consultation with its 
laboratories and the chemical and 
metallurgical industries, should con- 
sider ways to expand the present re- 
search and development efforts on 
fuel elements and on related fabri- 
cation and reprocessing systems. 

4. AEC, in consultation with the 
manufacturing industries, the mili- 
tary services and potential foreign 
users, “should prepare a construc- 
tion program to maximize the avail- 
ability of high-flux test reactors. 

5. JCAE should appoint a small, 
permanent, non-political, broadly- 
constituted advisory panel, not on ’ 
to assist in reviewing the proposa. 
of AEC, but also to prepare inde- 
pendently its own statement of ob- 
jectives of our national atomic power 
program and the recommendations 
for achieving those objectives. 


What to Do: AEC 

In a recent speech, AEC chair- 
man Lewis L. Strauss said he was 
studying proposals on how to expand 
the civilian power program: “I be- 
lieve that we are now justified, on 
the basis of the valuable technology 
acquired from operation of the part- 
nership program to date, to under- 
take the building of additional ‘first 
generation’ plants of commercial 
size, in addition to those already 
under construction or contracted for. 
The Commission is presently study- 
ing proposals for such an nded 
program, and will be assisted in its 
study by the country’s best authori- 
ties on the subject of nuclear power.” 

A spokesman for the Commission 
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amplifies this by explaining it will 
not mean a totally new program 
with a new formula so much as new 
definitions on the assistance that 
AEC is ready to give industry, as 
part of the “partnership” program. 
New means of giving assistance are 
also likely to be under consideration, 
as for example t-construction re- 
search and development aid on fuel 
elements for a reactor after it is al- 
ready in operation. Strauss himself 
recalled that he had said a year apo 
that AEC’s program should be 

subject of an annual review and that 
it should be modified as might be 
found necessary to insure continuing 
rapid progress. It is this review 
that AEC is now beginning in con- 
nection with the meetings Dec. 3-5. 

But this is as far as AEC appears 
ready to go; it joins in denouncing a 
“kilowatt race” and federally-sup- 
ported power reactor building ~ 
grams. Also, Strauss said 
month, “at the present stage of nu- 
clear art, full-scale experiments . . 
on advanced reactors are not war- 
ranted.” 

Still holding fast to and justifying 
his previous course of action to date, 
Strauss declared, “I find great per- 
sonal satisfaction in today’s event 
[the dedication of GE’s Vallecitos 
reactor] for it seems to me an irre- 
futable answer to those who contend 
that American industry cannot be 
entrusted with major responsibility 
in the development of nuclear 

wer, that industry canriot be re- 
ied upon to shoulder financial risks 


associated with the present stage of 
the nuclear art, ae therefore that 
this new but eek poy industry 
should be dominated by the govern- 
ment—and fostered entirely upon 
yers’ money.” 

chairman appeared to give a 
top-level “no” answer to the sugges- 
tion of his reactor development 
chief, W. K. Davis, that water- 
moderated and -cooled reactors, 
being further advanced, be pushed 
harder for commercial advantage 
(NU, Nov. '57, 22). “As yet,” 
Strauss declared, “there has been no 
Commission decision to stress the 
construction of full-scale nuclear 
power plants of any particular type, 
in preference to other promising 
concepts.” 

Finally, AEC also has its eye on 
the foreign market: “Any expanded 
assistance, in my opinion,” Strauss 
said, “should embrace not only nu- 
clear power plants to be built for 
operation in the U. S., but should 
= include research and develop- 
ment assistance to American manu- 
facturers in connection with plants 
designed and built by them in for- 


eign countries.” 


What to Do: Manufacturers 

From a largely anti-subsidy view, 
industry—at least the manufacturers 
have come around to the point 
where today the . executives of 
7 all the leading reactor 
uilders are known to favor sub- 
sidy. There are some in industry 
who hold that large demonstra- 


New group formed on gas-cooled LMFR 

American Nuclear Power Associates was formed last month to 
study a liquid-metal-fueled, gas-cooled reactor type being pio- 
neered by Raytheon Manufacturing Co, Others in the group in- 
clude Burns & Roe, Clark Bros. Co. division of Dresser Operations 
Inc., Griscom-Russell Co., and Rockland Light & Power Co, of 
Nyack, N. Y. They will develop a high-temperature, high-per- 
formance nuclear plant on which Raytheon has done a previous 
study for AEC (NU, Feb. 57, R1). This is a reactor fueled by 
a uranium-bismuth solution and cooled by helium. The group's 
present prototype reference design has an output of 57 Mw(th), 
16.5 Mw(e); critical mass is 5.6 kg fully-enriched uranium (total 


inventory is only 7.6 kg). 


Helium at 500 psi enters the core at 


900°, leaves at 1,300° F. Reprocessing interval is 4.8 years at 
80% load factor, with only a uranium pellet added from day to day 
in between; no control rods are used, as the reactor does not run 
on excess reactivity. Therefore simplicity and ease of operation 
are among the plant's advantages—a physicist is not needed to 
run it. Construction timetable will depend on the priority AEC 
gives the project, since the group cannot afford to develop it alone 
and will have to seek AEC research and development assistance. 
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tion er reactor projects, thou 
fell nop wend by federal 
funds, should nevertheless be con- 
trolled by industry. This is an ex- 
treme position; the search for a 
formula is on. 

In 1953 when JCAE held hear- 
ings on changing the (McMahon) 
Atomic Energy Act of 1946, one 
of the few witnesses in favor of 
subsidy—foreshadowing the conclu- 
sion to which so many of his col- 
leagues have since been driven— 
was Chauncey Starr of Atomics In- 
ternational. Said he then (NU, 
Sept. ‘53, 14; 23)—and his views 
remain unchanged: “As the real 
market for central station-size atomic 
power plants is several years away, 
and their development is a national 
asset, government support of a tech- 
nical program leading towsrd their 
economic performance would be jus- 
tified. Such support could be grad- 
ually removed as a real industry 


not government-supported, what is 
going to have to be demonstrated is 
the competitive privileges of er 
from * vn pee , Until gor 
demonstration takes place, I believe 
government su of one sort or 
another is going to be required. If 
the government wants full-scale 
plants built, it is going to have to 
support this. 

My own feeling is simply that 
the government should pay for the 
manufacture of ent os eg but 
should not subsidize the manufac- 
ture of power. We feel that gov- 
ernment support in the manufacture 
of knowledge is a justified thing.” 

A new and potentially very sig- 
nificant move in industry circles is 
the attempt—now being made by a 
leading manufacturer—to organize a 
pool of organizations that would 
jointly guarantee fuel-element per- 
formance. American reactor-build- 
ers’ inability to issue such guaran- 


tees to date has been held by many 


block in the way of U. S. power 
reactor sales abroad. Although the 
U. K. Atomic Energy Authority 
steadfastly declines to confirm it, it 
has been frequently reported from 
prospective buyers of British reac- 
tors that the U. K. is ready to 
guarantee performance of its fuel 
elements. 

In this connection, another new 
straw in the wind is the report that 
the Export-Import Bank in Washing- 
ton, which had earlier said it is 
ready to grant loans to overseas pur- 
chasers of U. S. reactors (NU, Nov. 
’56, R8), is now considering advanc- 
ing funds to cover fuel elements and 
fuel-cycle costs. 


What to Do: Utilities 


But while the manufacturers in 
increasing number now appear ready 
to regard with equanimity, if not as 
an outright necessity, the entry of 


develops .. + I think If you want 
to put this field on a basis that is 


1. Various Estimates of Future Construction 


observers to be a major stumbling 
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The oft-quoted 1955 report by the Atomic Industrial 
Forum, “A Growth Survey of the Atomic Industry, 1955- 
1965,” has been revised by the Forum, the revision to be 
published next month. A preview of the new findings 
was presented to the Forum annual meeting in October 
by the authors, Frederick H. Warren and William W. 
Lowe of Pickard-Warren-Lowe Associates. Chart 1 
above, comparing a number of estimates of annual addi- 
tions to large nuclear power stations, shows that while 
the minimum prediction is somewhat higher than that of 
two years ago, the maximum is less optimistic by quite 
a wide margin for the years after 1964. However 
a higher early volume of large reactor plant construction 
than was in prospect three years ago is now seen. 

Chart 2 compares best available data on capital costs 
for PWR and for Dresden, Indian Point, Yankee and 





PRDC’s Fermi fast breeder shown in composite. Aver- 
age total investment for these four, with indirect costs 
and interest during construction included, is $430/kw (e) ; 
estimated maximum and minimum range of capital costs 
for an average large plant of 1968 was estimated at $360 
and $280 respectively, by projecting possible cost reduc- 
tions (omitting any dollar-inflation effects). The reduc- 
tions result from increased unit capacity and reduced 
cost for components. While costs are now rising and no 
turning point is yet marked, the authors justify predict- 
ing cost reductions on the ground the current cost in- 
creases are “no longer a great mystery,” having been 
caused by additional development costs needed to solve 
technical problems unexpected when the preliminary es- 
timates were made; additional engineering needed to get 
satisfactory system designs; increases in engineering, pro- 
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velopment picture, the investor- 
owned utilities as a group are far 
from such a position. Traditionally 
more conservative in their economic 
outlook than the manufacturers 
(perhaps because of a geo hi- 
aly and localized orion?) they 
still see any increase in federal sup- 
port as a major threat to their very 
existence in the frame of reference 
of the private-vs-public power strug- 
gle. In particular, they look upon 
the preference clause in the 1054 
Atomic Energy Act (Sec. 44) as in- 
vidious, and take the position that if 
subsidies are necessary and if the 
prohibition on subsidies in the Act 
is to be altered, then the preference 
clause also should be deleted and 
the availability of government as- 
sistance to both private and pub- 
licly-owned power ugencies without 
discrimination be guaranteed. 


What to Do: Reactor Experts 
According to some of the top re- 


actor designers, engineers and physi- 
cists from industry and the national 
laboratories who advise the govern- 
ment, the main greta teas 4 
to the prevailing view for wh 
AEC has obtained credence—is lack 
of money. 

This small experts’ group feels, 
NUCLEONICS learned, that AEC re- 
search and development spending is 
lamentably inadequate, while—again 
contrary to general belief—man- 
power is not a major problem. If 
the only aim of our reactor develop- 
ment program is economic power, 
they say, then we are doing enough; 
but if foreign policy considerations 
are included in our reactor goals, 
then Congress and the Administra- 
tion must loosen up on money for 
research facilities and research pro- 

ams. Ever since the war, say 

xe experts, Cee been re- 
luctant to give money for supporting 
facilities and laboratories; "ee are 
woefully behind on test reactors; we 





Maximum Predictions Are Now Much More Modest 
4. Reactor Power Projections—Dollars 


need to put more money into engi- 
neering research, into fuel technol- 
ogy. For example, the engineering 
branch of AEC’s reactor deve 

ment division now gets $8-10-mil- 
lion a year; it needs $50-million, the 
experts hold. Again: one of our 
most urgent is to develop a 
ood, high-performance fuel element 
or water reactors, and a concentra- 
tion of research effort here is sadly 
lacking. We need to build more 
full-scale power reactors; if we are 
to have economic nuclear power, 
here or elsewhere, two or three gen- 
erations of big reactors may be re- 
quired (beyond the stage that 
Yankee, for instance, represents as 
the “daughter” of the Shippingport 
PWR). Industry cannot pay for 
such a load of sub-economic plants, 
say the experts. Finally, there is 
a need for long-term commitments 
for funds, to gre the assurance to 
industry that Congressional year-by- 
year appropriations cannot give. 


3. Reactor Power Projections—Kilowatts 
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duction and inspection costs of components due to unique 
nuclear specifications; and 5-10% average general escala- 
tion per year in materials and equipment costs. 

Chart 3 compares total U. S. market projections for 
large central station reactors; small power and miscel- 
laneous types; and naval, maritime and military reactors 
exclusive of aircraft propulsion units. The second, small- 
reactor group poral power reactor prototypes; general 
test reactors such as MTR and ETR; radiation applica- 
tion and process heat units; and U. S. built small reactors 
for export. The over-all size of the naval ee 
taken from the defense budget, with seven su ines 
(fiscal 1957) taken as a maximum and four submarines 
(1958) as a minimum; the estimates are consistent with 
Adm. Rickover’s statement that the Navy would “have 
by 1963 1.5-million kw of power in operation, and an 
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additional million in ships under construction.” The 
we i program “represents today the most assured mar- 
ket for reactor construction in this country,” says Warren. 
These power projections can be converted to dollar pro- 
jections by multiplying by unit dollar values for each 
reactor group: for large stations, the values shown in 
Chart 2; for naval reactors, a range of $700-550/kw (e) 
was estimated; for small reactor systems, $600—500/kw (e) . 

Chart 4 makes ,these conversions. The values cover 
only the nuclear system and its related structures, but no 
costs for er generation, fuel cores, nor indirect costs 
and Plt act expenses. The naval and propulsion 
reactor group is now seen to comprise between 40% and 
80% of total estimated gross business. Aircraft pro- 
pulsion is excluded as being too speculative to fit the 
other estimates. 





R ©O U Fie 


Sweden Pushing Power, Space-Heat Reactors; 
Two Under Construction, Third Being Designed 


STOCKHOLM 


One of the most purposeful programs for development of civilian 
reactors outside the Atomic Big Five (U. S., Britain, USSR, France and 


Canada) is that being pushed in Sweden. 


In fact it may be said that 


this country, together with Belgium and aponing Norway, is furthest 


advanced among the smaller pow- 
ers in the reactor art. 

Sweden’s atomic program en- 
visages the building of a full-scale 
nuclear power station and 5-6 plants 
for district heating over the next 
10 years, with some of the latter 
also used for power output through 
back-pressure operation. These 
yan were recently confirmed by 

arry Brynielsson, president of 
Atomenergi, Sweden's atomic energy 
company founded in 1947. Atom- 
energi, which is % state-owned, % 
privately owned, has asked govern- 
mental a riations of 138-million 
kronor ($56.6 -million) for the 1958- 
59 fiscal year—double the funds 
granted in the current budget. 

Atomenergi is not likely to get all 
the funds it seeks in this state 
economy where reduction of ex- 
penses and of public spending are 
watchwords, But the company can 
look forward to a considerable ex- 
pansion of its activities. Private in- 
dustry also is increasingly entering 
the atomic field. 


Program Bases 

Since it was first launched, 
Sweden’s atomic program has been 
based on the use of natural uranium 
~which can be produced locally 
and of heavy water. None of the 
experience amassed thus far has 
given any reason to change these 
plans. However the economy of 
natural-uranium reactors could be 
improved by — small qui antities 
of imported enriched uranium or 
lena roduced plutonium. Re- 
actors om ship propulsion and for 
small space-heating plants are likely 
to use enriched uranium or plu- 
tonium, and light water moderation. 

Raw —. for the country’s 
nuclear are available 
neni om ie low-content 
uranium shale deposits in Central 
Sweden. Exhaustive prospecting is 
being carried out elsewhere in the 
coun by Atomenergi, the Swedish 
Geological Survey and private com- 

nies, and these may result in new 
nds of importance. 

In 1953 Atomenergi placed in 


operation a uranium extraction pilot 
22 





plant at Kvarntorp with a capacity 
of 5tons/yr. This capacity has now 
been doubled, and oad on ex- 
perience gained with it a new ex- 
traction plant has been projected, 
with a capacity of 120 tons/yr of 
uranium. This is estimated to cover 
the country’s needs until about 
1965. About 400,000 tons of shale 
will have to be mined annually to 
attain this output, which shows the 
low uranium content of Sweden's 
shale deposits. However, reserves 
have been estimated at 1 million 
tons of uranium (NU, Jan. ’56, 15). 


Research Reactors 


Sweden’s first reactor, R-1 (form- 
erly also called Sleep, for Swedish 


Vasterds STOCKHOLM 


Studsvik 


Low Energy Experimental Pile) was 
completed in July 1954 by Atom- 
energi at an underground location 
in Stockholm. It was originally de- 
signed for 300 kw(th) but is now 
continuously operating at 600 kw, 
and a further step-up is seen pos- 
sible. R-1 is natural-uranium fueled 
and heavy-water moderated and 
cooled, the D:O being circulated out 
of the core and through an air blast 
heat exchanger. It has been used 
for basic physics research, as for 
example on scattering of very cold 
(~2° K) neutrons (this last work 
was performed by a group headed 
by Harry Palevsky of Brookhaven 
National Laboratory, who just com- 
pleted a nine-months stay in 


Sweden). R-1 is also being used 
increasingly by outside industries. 

Work is proceeding on Sweden's 
second reactor, R-2, which when 
completed will ‘gpoees d be Europe’s 
most powerful research reactor. 
This is a 30-Mw(th) ORR-type 
(tank-in-a-pool _ type) Mich 
testing unit that ACF Industries 
is building for Atomenergi. It will 
have 10'* maximum thermal flux; 
will be heavy-water moderated 
and cooled, and will use enriched 
uranium as fuel—the Swedes are 
ae to get their U. S. bilateral 
amended to enable them to obtain 
90% enriched uranium for R-2. 

The reactor will include pneu- 
matic and hydraulic rabbits, a 
graphite thermal column, a D:O 
jacket around the core to increase 
the volume having a useful neutron 
flux. The lattice will permit arrang- 
ing five different loops through the 
core, several (but not all) of which 
can operate simultaneously. R-2 
will be used as a tool for investigat- 
ing fuels and other reactor materials, 
with work aimed primarily at im- 
proving fuel economy; also for basic 
research in neutron physics continu- 
ing the t of nse that has been 
done with R-l. A fast chopper 
and a_ crystal spectrometer are 
among the ancillary items of equip- 
ment that will be installed. 

The building that will house R-2 
is already under construction at 
Studsvik on the Baltic coast 70 mi 
S of Stockholm, and ACF is to start 
ship sniping components next year. 

er its very tight construction 
schedule R-2 is slated to go critical 
toward the end of 1958. The pool 
lining, heavy water ducts, and valves 
are to be made in Sweden; the in- 
strumentation and control console 
have been subcontracted to the 
Dutch firm Phillips N.V. and its 
Swedish subsidiary. The control- 
rod drives, however, will be fur- 
nished by ACF. Atomenergi, which 
will operate the reactor, has as- 
signed a man to ACF’s shops, and 
the American firm has a man sta- 
tioned in Sweden. 

Under consideration is a plan to 
install a critical facility in one of 
R-2’s other pools, just for studies 
on R-2 fuel elements. Aside from 
this, however, there will definitely 
be one zero-power reactor at Studs- 
vik, designated R-O. Its function 
will be to study different properties 
and different arrangements of nat- 
ural uranium fuel elements and ele- 
ment clusters, at different tempera- 
tures of D:O moderator, and with 


December, 1957 - NUCLEONICS 





water or gas as coolant. It will 
operate at first without a reflector; 
later a reflector will be added. 

Building costs for the Studsvik 
installation are estimated at about 
25-million kronor ($4.83-million), 
one-third of which will go for the 
ACF unit. 


Heat & Power Reactors 


In more or less advanced stages 
of planning are two space-heat re- 
actors and one for electric power 
generation. This represents some- 
thing of an abridgement of earlier 
plans (NU, Dec. ‘55, 15; Jan. = 
15), to the extent that original 
for two reactors designated R- | geo and 
Eve have been, telescoped into one 
project. 

R-3, also known as the Agesta 
reactor, will be a space-heat or dual- 
— reactor serving Farsta, a 

rand-new, 12,000-apartment hous- 
ing development on the south side 
of Stockholm. Conceived originally 
as a straight space-heat unit, R-3 
was successively converted to a 
heat-and-electricity design and back 
to heat-only; today it is still under 
discussion whether or not R-3 is to 
supply 15 Mw of electricity in 
addition to 70 Mw of heat.* The 


design is to be frozen early in 1958; 


in the meantime, however, rock 
blasting last month marked the be- 
ginning of construction work at the 
site. R-3 will be fueled with nat- 
ural-uranium oxide elements (core 
loading will be about 11 tons of 
oxide) and moderated by heavy 
water. It will probably be cooled 
by means of a re-entrant tube sys- 
tem (pressurized tubes) surround- 
ing the fuel elements, carrying heavy 
water in an independent loop. An 
undertaking of Atomenergi in co- 
operation with the Stockholm mu- 
nicipal electricity board, R-3 is 
scheduled to be completed in 1960. 
Adam, one of two reactors 
planned jointly by Atomenergi and 
Sweden’s State Power Board, is a 
75-Mw(th) low-temperature heat 
reactor now under construction at 
Visteris, near the electrical-equip- 
ment factories of Sweden's huge 
ASEA Co. which has the desi 
contract and will probably also build 
Adam. Scheduled also for 1960 


* Originally, the R3 design was conceived 
in two stages: an car itaee R3a, was to 
produce 9%) Mw heat; ater, the reactor was 

pressure 
to withstand con- 


tricity 
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completion, Adam—like R-3—will be 
natural uranium oxide fueled and 
heavy water moderated, but unlike 
R-3, Adam's core will be housed in 

——- tank and cooled by cir- 
culating heavy water in guide tubes 
around the fuel elements. 

Eve was the State Power Board’s 
project for a 100-Mw(e) power 
— R-4 was Atomenergi’ — 
or a 75-Mw(e) power unit. 
the two organizations decided to 

4 their cfiorts on Sweden’s first 
nuclear stations, they were 
able. to avoid eliminating either plan 
ste Boece thus keeping oth 
parties _ Py -by the simple ex- 
ient of designating the station 
ve and the reactor R-4. Site has 
not yet been decided, but it is likely 
to be underground in the mountains 
of south-central Sweden. Output 
will be 100 Mw/(e), and cost is 
estimated at 180-million kronor 
($34.7-million). Fuel will be nat- 
ural uranium; moderator, D,O; 
coolant has not yet been chosen but 
both liquid and oe age are 
under consideration. lant was 
to have been iid : by 1963, 
but 1964 is now considered more 
realistic. 

Atomenergi’s requests for funds 
are now ee consideration by the 
overnment, and a final decision 

the Minister of Finance is 
due before Christmas. Construction 
schedules can then be worked out 
in detail. 

Further plans include a reactor 
for the pulp industry. 


Industry Collaboration 

Spokesmen for Atomenergi em- 
phasize that accomplishment of 
these and further goals in Sweden's 
atomic energy program will require 
active cooperation on the part of 
domestic private industry. The 
facilities described above are 
financed largely with state funds; 
they are seen as prototypes that 
must be developed further by in- 
dustry, and scaled-up versions built 
by industry, for municipal authori- 
ties, power companies, and steam- 
consuming manufacturing plants. 

Leading private companies in the 
atomic field in Sweden are ASEA 
(whose initials stand for the Swedish 
words for “General Electric Com- 
pany,” but which has no connection 
with the U. S. GE), the highly- 
diversified Johnson Concern (which 
is cooperating with Westin ), 
and Nydqvist & Holm. All have es- 
tablished atomic power divisions that 
will be resorted to more and more 


aa - ing and building com- 
or new Swedish reactors. 
ASEA. in collaboration with Atom- 
energi, is experimenting with the 
production of heavy water. ASEA 
is also reported to be investigating 
the possibilities of developing a 
“medium temperature” reactor. 
Addition of an oil-fired superheater 
could make such a plant suitable for 
both heat and power-producing pur- 
poses. Finally, ASEA’s plans are 
also said to include design of a 
small heat plant of 35-40-Mw(th) 
using enriched uranium. 

Sweden is also doing considerable 
work on design of reactors for mer- 
chant ship propulsion (NU, Nov. 
57, 87). 


Fusion 

Kai Siegbahn of the University 
of Uppsala has, with ASEA sup- 
port, performed some work on gas 
discharges using very large capac- 
itors and in this way has repeated 
results reported earlier by the Rus- 
sians. At the Stockholm Institute 
of Technology, H. Alfven (a long- 
time magnetohydro- 
pa yg L. Hulthen have 
been carrying out experimental and 
theoretical investigations of more 
fundamental character in the ther- 
monuclear field. However, spokes- 
men have said Sweden will wait un- 
til the 1958 Geneva conference 
fusion sessions before firming up 
her own thermonuclear program. 


Weapons? 

As has been reported abroad, the 
chief of the Swedish General Staff 
has on two separate occasions asked 
that nuclear weapons be incor- 
porated in the Swedish defense 
arsenal, Up to this time the 
Swedish government has taken no 
decision whatsoever on this question, 
contenting itself with the statement 
that the effects of nuclear weapons 
must be studied in order to make 
Swedish civil defense as well pre- 
pared as possible for the contingency 
of atomic warfare. It is known, 
however, that the government con- 
siders it essential to foster the peace- 
ful uses of atomic energy to the 
maximum possible, and may be post- 
poning the decision on A-weapons. 
Some Swedish observers believe this 
is all the more plausible since it 
may be felt that development of a 
number of large reactors, with their 
attendant plutonium production, 
could make an A-weapon program 
in the future easier, so that no 
time would have been lost. 
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Britain to Concentrate 
On Fast Reactors 
After 1980 Britain will build only 


fast reactors for power, John Gaunt, 
British atomic attaché in the U. S. 
said last month. The present Calder- 
type reactors will im built until 
1965; reactors completed 1965-70 
will use beryllium-clad fuel elements; 
1970-75 beryllium-canned oxide fuel 
will take over; by 1980, half of all 
power reactors will be fast reactors 
From then on, thermal reactors will 
start being phased out. The reason 
for this, ie said, is that the best 
burnup to be hoped for . with 
uranium-burning thermal reactors is 
3%, and at present fuel costs are 4 
of total power cost; therefore any 
real improvement in fuel cost for 
uranium reactors must be done with 
fast units. 

The sphere for the Dounreay fast 
reactor, Britain’s first, is completed, 
and the first core is being fabricated; 
the secondary circuit is almost fin- 
ished. The reactor will go critical 
next summer. It will be used first 
for zero-energy experiments, then 
for oscillator experiments at all 
power stages, anc when it has ”P 
erated at design power it will be 
tried with plutonium elements. 
However Dounreay is strictly an ex- 
perimental power reactor; the first 
prototype fast reactor will not come 
until the late 1960's, Gaunt said. 


Camden Yard to Build 
‘Savannah,’ First A-Ship 


New York Shipbuilding Corp. was 
awarded a $20,908,774 fixed price 
contract to build the first U. S. nu- 
clear merchant ship. The vessel 
(NU, Nov. ’57, 78) will be called 
N.S. Savannah, according to a 
White House announcement; the 
new designation N.S. (for nuclear 
ship) replaces the familiar S.S. 
(steamship). The Camden, N. J., 
yard will lay the keel for Savannah 
early next year, for 1959 launching 
and delivery by mid-1960. The 
contract covers construction of the 
ship, and installation and testing of 
her Babcock & Wilcox reactor pro- 
— system. Among the ship’s 
eatures will be provision to. permit 
tours to view the ship's eae 
in operation, and a single console in 
a centrel, air-conditioned control 
room for remote-control operation of 
the entire power plant, including 
beth nuclear and conventional ma- 


chinery. 
24 


Two Power Reactors Rising Fast 





Putting the lid on 


The dome or ‘beanie’ of the gastight containment building for the Enrico Fermi 
Pressure vessel 
Building has been pressure- 
View is looking south; compare site photo NU, Sept. '5é, R4 
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fast breeder at Lagoona Beach, Mich., being lowered into place. 
is 72 ft dia, 120 ft high (about 50 of it below grade). 


tested at 40 psi. 
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The 190-ft dia sphere to house the Dresden Station boiling water reactor is 


already one-third complete. 


Sphere, of special steel plates from 1.25 to 1.4 in. 


thick, will rise 150 ft above plain 47 mi SW of Chicago; 40 ft will be below grade. 
In left background, turbine building to house 180-Mw turbo-generator is almost 


completely enclosed. 


Progress since start of major construction six months ago 


has been swift (compare photo NU, June '57, 22; also sketch of completed plant, 


Nov. '56, R8) 


1958 Geneva Parley 
Planning Under Way 


Sigvard Eklund, technical direc- 
tor of Sweden’s Atomic Energy Co., 
has been chosen by the U. N. as 
secretary-general of the 1958 Geneva 
Conference—the second Interna- 
tional Conference on the Peaceful 
Uses of Atomic Energy. This is the 
post held in 1955 a Walter G. 


Whitman. AEC has set up an Of- 
fice for International Conference 
under Edward R. Gardner to plan 
and direct U. S. participation in the 
conference; L. D. Percival King of 
Los Alamos Scientific Laboratory 
has been appointed Technical Direc- 
tor (the post held last time by 
George Weil). Invitations have 
gone out through 4,000 universities, 
companies, etc., for technical papers. 
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Reactor News 


CANADA'S NRU GOES CRITICAL 

After six years of design, 9 ag development and 
construction, Canada’s high-flux NRU research reactor 
went into operation at Ik River, Ont., Nov. 3. It 
will continue to be operated at low power for several 
weeks of test experiments, after which power will be 
increased to the rated capacity of 200 Mw(th), five 
times the power of Canada’s workhorse research re- 
actor, the neighboring 10-year old NRX. A triple-pur- 
pose reactor, NRU will not only provide research, test- 
ing and experimental facilities for nuclear power develop- 
ment—it will also produce both plutonium and radio- 
isotopes. According to Atomic Energy of Canada Ltd., 
its builder, NRU will be unsurpassed as a research and 
testing tool: “no other known reactor has such a high 
density of neutrons combined with such a large capacity 
for experiments.” It will accommodate any fuel element 
pad. now being considered for nuclear power plants. 
The U. S. AEC and U. K. AEA, both of which have 
benefited from NRX, have both already asked for testing 
space in NRU. More than 100 Canadian firms have 
contributed to making components for the $57-million, 
heavy-water-moderated and -cooled, natural-uranium- 
fueled reactor. Unlike NRX, NRU can be refueled 
without shutdown. 


YANKEE GETS CONSTRUCTION PERMIT 

After two months in the toils of legal technicalities (NU, 
Sept. 57, 30; Oct. 25), Yankee Atomic Electric Co. 
finally obtained AEC construction permit No. 5 on 
Nov. 4. A concurrent memorandum of opinion signed 
by all five commissioners said “the construction per- 
mit must be provisional at this stage of the proceed- 
ing principally because Yankee has not completed the 
design of the reactor and certain features of sed 
facility present unresolved questions which might affect 
its safe operation. These questions include: the 
addition doninn absorbers; intentional design into the 
reactor of nucleate boiling; and large plutonium build- 
up. . . . We agree [with AEC hazards evaluation chief 
Clifford K. Beck and the Advisory Committee on Reactor 
Safeguards] that the experimental program outlined in 
the application will coldly produce the information 
needed.” 

The memorandum noted that Yankee estimates its 
construction cost at about $57-million (exclusive of 
$5-million AEC research aid); this compares with 
$35-million originally estimated. 


CATALYTIC GETS PUERTO RICO CENTER 
Catalytic Construction Co. has been named architect- 
engineer for the Puerto Rico Nuclear Center (NU, Nov. 
‘57, 26), including the reactor building to house the 
pool-type research and training unit. The firm to de- 
sign, fabricate and install the reactor itself has not yet 
been selected. 


CAROLINAS-VIRGINIA GROUP PICKS SITE 

Parr Shoals, S. C., on the Broad River, about 25 mi N of 
Columbia, has been chosen as the site for Carolinas- 
Virginia Nuclear Power Associates’ 17-Mw(e) heavy 
water power reactor. CVNPA’s proposal is now before 
AEC for approval, and under the amendment to the law 
passed this summer, Congress will have to approve 
specifically all AEC aid to the group. 
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GE TESTS SPANISH POOL REACTOR 


The 3-Mw(th) 1 reactor GE is furnishing the Spanish 
nuclear center at Moncloa near Madrid has 


been successfully tested at GE's Vallecitos Atomic 
Laboratory. It will now be shipped and assembled 
early next year; criticality at Moncloa is set for March. 


MTR TO GET PLUTONIUM CORE 


After use of several plutonium fuel elements in the 
Materials Testing Reactor core (NU, Aug. ‘57, 26), an 
entire core of plutonium will be tried, Phillips Petroleum 
Co., MTR’s operators, have told nuc.eonics. Although 
“there are no plans to convert MTR to the use of 
plutonium as a Fel on a permanent basis, present plans 
do contemplate, however, the loading of one plutonium 
core into the reactor to gain whatever experience may 
result thereby. Several modifications in the control 
system will be required to effect the change-over. We 
are presently in initial discussion stage as regards 
the fabrication of the plutonium fuel elements and con- 
trol rods. It is not known as yet who will fabricate the 
fuel elements, although Oak Ridge National Laboratory 
seems to be the most likely ibility. It will be 
several months at least before the Pu core loading can 
be made. We presently see no advantages in using 
plutonium in MTR; actually, there will be several dis- 
advantages so far as this particular application is con- 
cerned, However, we think it will be possible to 
operate the reactor reasonably safely with a plutonium 
core and can thereby [be] the first facility to accomplish 
this historic objective.” 


ACF IN TRAINING REACTOR MARKET 

A one-watt “pre-fabricated” pool-type training reactor 
has been placed on the eden by ACF Industries at 
$135,000-150,000, including shielding and instrumenta- 
tion. Exterior measurements are 10 ft high, 14 ft 7 in. 
deep, 16 ft 5 in. wide, including concrete-block shield. 


TWO REACTOR DEDICATIONS ON COAST 


AEC’s 6.5-Mw(e) Sodium Reactor Experiment, built by 
Atomics International at Santa Susana, near Los Angeles, 
was dedicated Nov. 14. On Nov. 25, General Electric’s 
5-Mw(e) developmental boiling water reactor at Val- 
lecitos, near San Francisco, received its formal baptism. 
Both are forerunners of larger plants of the same type— 
the former of the Nebraska Consumers Public Power 
District 75-Mw/(e) reactor, the latter of Chicago's 180- 
Mw/(e) Dresden station. 


AIR FORCE CANCELS P & W CONTRACT 

Pratt & Whitney's Air Force contract for development of 
the J-91 nuclear plane engine was canceled four months 
ago, it was disclosed by the Air Force in a letter to 
Connecticut Senator Purtell. 


BRITISH DISMANTLE ZEUS 
Zeus, the research reactor used for design studies of the 
Dounreay fast breeder, has been dismantled. Its shield 


is being adapted for neutron studies with another un- 
disclosed reactor. 


BURNS & ROE ON DUAL-PURPOSE JOB 


AEC has asked Burns & Roe to make the preliminary 
design for the plant and supporting facilities of the new 
Hanford plutonium reactor (NU, Nov. 57, 25); CE is 
designing the reactor itself. 





World News 


West Germany Plans 4-5 Power Reactors 


The minimum program for German nuclear develop- 
ment, submitted to Atomic Minister Siegfried Balke . 
the Atomics Commission, calls for construction of 4-5 

er reactors with a total capacity of 500 Mw/(e), 
costing about $240-million, and to be completed in five 
years. The reactors are to be built in close cooperation 
with foreign firms, and are to include different types so 
as to gain maximum experience. Balke told a press 
conference he feels chances are dim for rapid utilization 
of nuclear energy in Germany if industry , wd not show 
greater interest. Later, the director of the Hamburg 
Public Power Supply Co. said northern Germany can 
expect to have a 100-Mw(e) nuclear plant “probably 
within the next ten years.” 


Winfrith Heath Construction Started 


Construction began Nov. 25 on the new $56-million re- 
actor research station at Winfrith Heath (NU, March 
57, R10). It will function essentially as an out-station 
of Harwell, which will tend to concentrate more and 
more on purely fundamental research, while Winfrith 
Heath will work almost entirely on design and devel 
ment of new types of reactors. British General Electric 
Co. already has a contract for one of the first reactors 
to be built at Winfrith Heath: a zero-energy, high- 
temperature gas-cooled breeder experiment burning a 
mixture of thorium and U™ (NU, Sept. 57, 31). It 
will have hollow unclad ceramic fuel elements, probabl 
uranium oxide, and will cost $5.6-million. Another rs A 
vantage forecast for this design is that it will require 
only 1/100th as much graphite moderator as the Calder- 
type reactors. Altogether some eight experimental re- 
actors may be built at Winfrith Heath in the next 10 
years, including two ship-propulsion prototypes and an 
aqueous homogeneous. 








Japanese Utilities Organize 





In a move expected for many months, Japan’s nine elec- 
tric power firms have set up the Japan Atomic Power 

_ Generation Co. to import and operate a nuclear station. 
The utilities are investing 42% of the new firm’s paid-up 
capital of 1-billion yen (eventually to be 10-billion) ; 20% 
each comes from the semi-governmental Japan Electric 
Power Development Co. and a group of manufacturers 
interested in nuclear energy; and the remaining 18% 
from promoters of the new firm and the general public. 
Study missions are to be sent to the U. S. and Britain by 
the new firm. 


Two International Trade Pacts in France 





France’s first important international trade agreement in 
the nuclear field (NU, Nov. ’57, 17) was announced last 
month: the big French electronics firm Thomson- 
Houston, and an associated firm, the turbine builder 
Alsthom Co.—both of whom do contract work for the 
French AEC—signed an agreement with General Electric 
providing for exchange of technical information and 
technical aid on nuclear matters. Thomson-Houston 
was once a GE subsidiary, and still has close ties in the 
electronic and radio fields. Another agreement expected 
to be announced shortly is between Westinghouse and 
the huge Schneider-Creusot iron, steel and heavy ma- 
chinery firm. 
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French to Start A-Ship 


The French AEC has announced plans for construction 
of a prototype nuclear-powered tanker of 40,000 tons, 
with propulsive wer of about 20,000 shp. Pres- 
surized water, boiling water and gas-cooled reactors are 
under consideration; a decision is due in March. 





Icebreaker Reactor Checked Out 


Tass reported last month that the 40,000-hp nuclear 
power plant for the Soviet icebreaker Lenin has been 
completed and successfully tested. It did not sa 
whether or not it has yet been installed in the hull, 
on the stocks in a Leningrad yard (NU, Aug. ’57, 18). 





Greek-Yugoslay Atomic Cooperation 





Yugoslav nuclear scientists visiting Greece have offered 
to train 20 Greek nuclear physicists and technicians in 
Yugoslavia’s atomic centers. The Greek AEC has 
offered reciprocal facilities and invited Yugoslavia to send 
scientists to study at the first Greek research reactor 
now being built near Athens, and to attend a series of 
lectures on isotopes. The two countries have also laid 
the groundwork , collaboration on exploratiori, process- 


ing and technology of radioactive ores. Greéce’s AEC 
expects to benefit considerably from this cooperation, as 
Yugoslavia already has several large nuclear research 
centers and 2,000 scientists and technicians in the field. 


Czechoslovakia Plans Big Power Plant 





Czechoslovakia last month unveiled a model of its 
first nuclear power plant, a 150-Mw(e) unit t» be built 
at a site in Slovakia. It will be designed dnd major 
components furnished by the Soviet Union, which has 
in fact licensed to the Czechs an undisclose(l type of 
power reactor that may be built later in the USSR: 
this has given rise to a belief that the Rusjians may 
be using Czechoslovakia as a testing ground for a new 
reactor. The announcement came just after (zechoslo- 
vakia started up her first research reactor (NU, Nov. 
"57, 26), and was accompanied by a statement that 
henceforth the total annual increase rate in Czech 
electric power requirements is to be met exclusively 
from sane power plants. 


Germans Endow Thorium Research 


The Bonn Atomics Ministry has supplied DM 370,000 
($88,000) to the inorganic chemistry department of 
Munich University for a thorium research program. The 
money will be spent for developing processes for ex- 
tracting thorium from ore and for U-Th separation 
methods. It is held thorium is more advantageous than 
uranium for German reactors as U™-breeding would save 
the cost of U™ enrichment. 





Finland Buys Reactor Materials 


The YDIN Nuclear Power Association of Helsinki has 
concluded negotiations to purchase materials for an ex- 
ponetial pile, Finland’s first (NU, Oct. °57, 28). 
Britain’s Atomic Energy Authority has an order worth 
$72,800 covering most of the materials needed; the 
graphite may be bought in the U. S.; and $6,000 worth 
of instrumentation was ordered in the U. S., Sweden 
and Holland. The state-owned woodworking firm Enso- 
Gutzeit is constructing the building that will house 
the pile, as the state’s contribution to a private project. 
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News in Brief 


Northern States Signs Contract 

AEC has signed the first third-round demonstra- 
tion program contract, with Northern States Power Co. 
of Minneapolis. Total cost of the project for a 66- 
Mw/(e) is-Chalmers advanced boiling water reactor 
(NU, March ’57, R8; Sept., 30) is put at $28-million, 
including research and development. AEC would con- 
tribute $6-million for re and development, and 
waive fuel charges. No site has yet been named, but 
Northern States says it is thinking of one on the Big 
Sioux River, NE of its present plant at Sioux Falls, S. D. 
Northern States and 10 neighboring utilities have formed 
Central Utilities Atomic Power Associates Inc. to partici- 
pate in the project; the other 10 will contribute $3.6- 
million to the over-all cost, and will get technical data 
and training opportunities. The firm plans to complete 
the reactor by June 1962, and will operate it at least 
five years, id the AEC contract. 


AEC Phasing Out St. Louis Feed Plant 

AEC will place its downtown St. Louis feed materials 
processing plant on standby beginning early in 1958, 
and consaiiliats its feed operations in  B St. Louis area 
at the new plant at Weldon Spring, Mo., 33 mi W of St. 
Louis. Both plants are owned by AEC and operated 


by Mallinckrodt Chemical Works. A third plant, com- 
pleted in 1953 and operated by National Lead Co. at 
Fernald, Ohio, will continue in production. Weldon 
Spring started operation in May this year. These feed 
materials plants — concentrate 


uranium ore «to 
make pure natural uranium metal for the Hanford and 
Savannah River plutonium reactors, and UF. (“green 
salt”) for the gaseous diffusion enrichment plants. 


RCA Making Reactor Simulators 

RCA is entering the reactor field as a maker of electronic 
simulators. RCA Service Co. has received a one-year 
AEC contract to build a reactor simulator under the 
Army Package Power Reactor program at Ft. Belvoir, 
where the machine will be used to train Defense per- 
sonnel in reactor operation. E. L. Morrison Jr., formerly 
of Oak Ridge and Westinghouse’s Atomic Power division, 
is project manager. RCA says it is seriously considering 
marketing reactor simulators commercially. The firm 
also recently obtained one of two contracts (along with 
Allis-Chalmers) to build the C-Stellarator at Princeton 
for the controlled fusion effort. 


Radiation Effects Center Set Up by Air Force 

An information center to gather and disseminate data 
on effects of radiation on systems and materials has 
been established at Battelle Memorial Institute by the 
Air Force. Intended primarily to aid the Aircraft 
Nuclear Propulsion program, the Radiation Effects In- 
formation Center's services will also be available to 
AEC, Army, Navy, and other government agencies. 
A 20-man team of experts headed by Battelle’s C. B. 
Voldrich has been assigned to the Center. 


AEC Dedicates Headquarters Building 

President Eisenhower, AEC chairman Lewis L. Strauss 
and Congressional Joint Committee chairman Rep. Carl 
T. Durham laid the cornerstone of AEC’s new $13.3- 
million headquarters building at Germantown, Md., 27 
mi NW of downtown Washington. (NU, July °57, 
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23; see also p. 2). The cornerstone-laying was symbolic 
as the building is now finished; the staff will move in 
during the first half of January. The building is located 
at the junction of Routes 118 (Md.) and U. S. 240. 


Dewey, General Mills Form Departments 

Two more firms last month joined the roll of companies 
with nuclear departments. G. C. Dewey & Co., New 
York systems engineering and operations research firm, 
has opened a Department of Nuclear Science and 
Engineering to provide industry with analytical data 
in the reactor ia. including calculations of neutron 
cross sections, radiation dosage and shielding, and re- 
actor constants, flux, control, and critical mass. The 
firm has had several years’ experience in the nuclear 
weapons program. . . . General Mills, well known in the 
nu industry for its master-slave manipulators, formed 
a Nuclear Equipment Department to make remote-con- 
trol handling equipment and eventually other nuclear 
products. 


AEC Opens Tokyo Office 

W. H. Pennington will be AEC’s atomic attaché in 
Tokyo, assisted by P. A. Roessler, AEC announced 
last month. A veteran of 14 years in nuclear energy 
work, Pennington, a chemist, will aid the rapidly-ex- 
panding Japanese nuclear development program, and 
will be available to other Far Eastern countries for 
corfsultation in the nuclear field. 


Cambridge Accelerator Started 

A two-handled spade was wielded by the presidents of 
Harvard and MIT to break ground for their joint project, 
the $6.5-million, 6-Bey Cambridge Electron Accelerator 
(NU, May 56, 24). It is to start operating in January 
1960. 


Lawrence Honored by AEC 

The $50,000 Enrico Fermi Award for 1957 has been 
awarded by AEC to Ernest O. Lawrence, of the Univ. 
of California and director of its Radiation Laboratory. 
Lawrence helped open the way for modern development 
of nuclear physics with his invention, back in 1929, of 
the cyclotron. He is the second Fermi Award winner, 
the first last year having gone to John von Neumann. 


AEC Signs for $10-Million U-Mill 

Homestake Mining Co. has signed a $10-million con- 
tract with AEC for construction of a U-ore processing 
mill near Grants, N. M. Utah Construction Co. of San 
Francisco, now building a similar mill near Riverton, 
Wyo., for Lucky Mc Uranium Corp. (NU, Dec. ‘57, 
R3), will build the 1,500-ton/day capacity mill for 
Homestake-Sapin Partners. 


Oklahoma State Starts Its Reactor 

A nuclear engineering symposium marked the dedication 
of Oklahoma State Univ.’s AGN-201 training reactor at 
Stillwater, Okla. 


Fiat Seeking U. S. Financing 

It is authoritatively reported in Rome that Fiat plans 
to market $5-million worth of company shares in the 
U. S. to help finance its nuclear activities. The firm is 
negotiating with a group of American banks that would 
sell the stock and act as guarantors. Further sales are 
contemplated if the initial one is successful. 
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AEC Financial Report 
Shows Greater Spending 


AEC’s financial report for fiscal 
1957, second such report to be pub- 
lished (NU, Jan. '57, R3), showed 
that total cost of Commission opera- 
tions had risen to $1.968-billion, 
from $1.607-billion in fiscal 1956. 

The $2-billion spent in round 
figures for operations went for these 
items: ath. werses of fissionable 
materials, $788-million (up 8% over 
66); uranium ore, $402-million 
(deliveries up 43%); weapons, $337- 
million (up 20%); reactor develop- 
ment, $276-million (up 62%, from 
$170-million in °56); chemistry, 

hysics, and metallurgical ere 


59-million (up 16%); cancer, medi-. 


cine and biology research, $33- 
million (up 10%); and administra- 
tive, community and other expenses, 
$73-million (up 42%). 

Investment in plant owned by 
AEC rose $0.2-billion, from $6.7- 
to $6.9-billion. Plant completed 
during the year included production 
reactor facilities at Hanford and 
Savannah River, $69-million; gaseous 
diffusion facilities at Oak Ridge, 
Paducah and Portsmouth, $47-mil- 
lion; feed materials facilities at 
Weldon Spring, Mo., and Fernald, 
$45-million; and “various” research 
facilities of $46-million and weapons 
facilities of $43-million. The addi- 
tions were partially offset by plant 
retirements of $87-million, including 
$21-million for the Seawolf land- 
based prototype at West Milton, 
N. Y 


oP py power reactor re- 


search and development totaled 
$56.7-million, up 24% over '56; con- 
struction costs were $33.3-million, 
compared to $9.4-million in ‘56. 

Aircraft reactor research and de- 
velopment costs were up 67%, from 
$52-million in ’56 to $86.7-million; 
and construction costs went up 158%, 
from $2.4- to $6.2-million. The 
total cost of $92.9-million represents 
a 257% increase over the $25.9-mil- 
lion spent two years ago, fiscal "55. 

Naval propulsion reactor research 
and ieelioant costs in "57 totaled 
$79.1-million, a 63% increase over 
56. Construction costs at $26-mil- 
lion were up 165%. 

The controlled fusion program 
cost $11.1-million in °57, up 57%; 
construction costs on Project Sher- 
wood were $495-thousand as com- 
pared with $141-thousand in ‘56. 

Cost/Ib of uranium concentrates 
delivered from U. S. sources dropped 
10% (from $11.96 to $10.80/lb). 


NUCLEONICS Statistics of the Month 


Nuclear Construction Projects in Progress 
Millions of Dollars 


Latest 
month 

Nuclear Contracts*— 
Contracts awarded for federal projects ($10*) 9,583 
Proposed construction, privately-owned ($10*) 0 
Contracts awarded, private work ($10*) 9,500 
Backlog of private projects ($10°) 226 


Month Year 


ago 


10,549 
0) 
1,750 
226 


8,842 
500 
6,400 
167 





Access Permitst— 
Access permits issued 
Total access permit holders 





Isotope Uset— 
Applications for isotope use 
Cumulative total of isotope users 
Oak Ridge National Laboratory shipments 
Public and private export shipments 





Employmentt— 
AEC employment 6,852 
Construction and design contractors’ employment 11,581 
Total operating contractors’ employment 99,150 
Production workers 50,577 
Research and development employees 41,822 
Miscellaneous workers 6,751 


6,853 
12,357 
99,477 
50,619 
42,296 

6,562 


6,601 
14,810 
91,897 
49,702 
36,123 
6,072 





Operating Building 


U. S.-built Reactorst— 
Power, domestic 
Power, for export 
Power experiments 
Military and naval 
Research and test, domestic 
Research and test, for export 
Foreign-built Reactorst— 
Power, domestic 24 
Power, for export 0 0 
Research and test, domestic 24 17 
Research and test, for export 2 10 


* From: Construction Daily, a McGraw-Hill periodical {From AEC { mucizomos figures 
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NUCLEAR DATA PROCESSING = FROM DETECTOR TO READOUT 


Multi-Channel Analyzers 


Fast-Slow Neutron 
Survey Meter 


Highest Gamma discrimina- 
tion, transistorized, lighter 
weight, printed circuitry, log 
scale, ond reduced power 
requirements are some of 
the features that make the 
RCL survey meter the most 
advanced meter available. 
See RCL’s new catalogue 
for all of your instrument 
requirements. 


Scintillation . 
Detectors 


(a 


A B 


New scintillation detectors are now avail- 
able from RCL. Illustrated above is the flexi- 
bility when used with RCL’s new dual pur- 
pose shield. (a) with a well type crystal for 
test tube samples and (b) with a solid crystal 
for flat samples. Alpho, beta and gamma 
crystals available, as well os other shields 
and collimators. See RCL’s new catalogue. 








Radiation, no matter what its source, con 
best be onalyzed by RCL’s 256-channel 
analyzer. Speed, precision, reliability are 
but a few of the qualities that make RCL 
the leader in the spectrometry field. Also 
available, 1024-channel Neutron Time of 
Flight Analyzer. See the new RCL catalogue 
for more information. 


And now—RCLiac 32 and RCLiac 128 
Amazing new scaler-analyzers 


Combination scaler-analyzers handle every 
operation from gross counting through scintil- 
lation-spectroscopy and pulse height analy- 
sis. Special feature: cathode ray tube dis- 
plays numbers or curve. Six transistorized, 
plug-in modules include display, power sup- 
ply, memory, amplifier, control and arith- 
metic circuits. 


Reactor Controls 


’ 


The Composite Safety Amplifier illustrated 
above is only one of the many reactor con- 
trol instruments manufactured by RCL. The 
high quality and reliability thot is manda- 
tory with these items is guaranteed by RCL. 





Sensing Elements 


The Mica Window Counter above is repre- 
sentative of the most complete line of sensing 
elements available in the nuclear field today. 
Scintillation detectors, GM counters, fast and 
slow neutron detectors, ion chambers, and 
flow counters are outlined in RCL’s new 132- 
page catalogue, cvailable immediately. Use 
the coupon below to send for yours today. 


Send for RCL’s 


Radiation 


Counter 


Laboratories, Inc. 


Scalers and Proportional Counting Systems 


The system shown above is o complete gross 
counting system for alpha, beta and gamma 
radiations. It consists of o decade scaler, a 
high voltage supply with pulse amplifier, and 
a preflush flow detector. Operates with GM, 
scintillation and proportional detectors. 








Counting Room Accessories 


This Vertical tron Shield is representative of 
RCL’s complete line of counting room acces 
sories. Other shields, safety devices, sample 
handling items and accessories demonstrate 
RCL’s complete line of nuclear equipment 


and instruments. Send for RCL’s new cata- 
logue for a complete list of products 


NEW 132-page catalogue TODAY. 


Radiation Counter Laboratories, Inc., Dept. 1127 
Nucleonic Park, Skokie, Illinois 


Please rush RCL’s new 132-page catalogue to me immediately, 


Title 
Firm 


Address 


| 
| 
| 
| 
| Nome 
! 
! 
| 
| 
| 
| 


NUCLEONIC PARK, SKOKIE, ILLINOIS 
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Sodium-Potassium 
te 


Intermediate 
Heat 
Exchanger 


Reactor Condenser 


























What makes LIQUID SODIUM 


a first-rate Reactor Coolant? 


At least 6 nuclear power plants now com- dled without corrosion in iron and steel 


pleted, planned, or under construction will 
use sodium metal in liquid form to transfer 
heat from reactor to steam generation cir- 
cuit. Why have the designers of these sys- 
tems selected sodium for the job? 


equipment. 

U.S.I. supplies more sodium to outside 
industry than any other producer of the 
metal. For complete information on sodium 
and its handling, send for the free 40-page 


booklet “HANDLING METALLIC SODIUM 


Because sodium is a liquid from 207° to 1621° F., 


system can operate at high ON A PLANT SCALE”, 


a sodium-cooled 
temperatures without expensive pressuriza- 


tion. In this way it can yield steam cycle 





efficiencies equivalent to those of conven- 
ti ‘ SOME REACTORS WHICH WILL USE SODIUM: 
iona ower plants 
Liquid rire ean te pumped end circulated (1) California—sodium-graphite reactor, 7,500 kw 
as easily as water. Further, because liquid (2) NeBraska—sodium-graphite reactor, 75,000 kw 
sodium has good electrical conductivity, it (3) Idaho-—fast breeder reactor, 15,000 kw 


can be circulated with an electromagnetic (4) Michigan—fast breeder reactor, 100,000 kw 
pump containing no moving parts. With the (5) Alaska (Anchorage)—sodium-deuterium reac- 


tor, 10,000 kw 


low melting point of 207° F., it won't solidify 


. ‘2 odium-berylli 
in the heat exchanger system if the reactor CH) SORWEte-Sotum-Leryium MERE 


is slowed down New York—sodium-beryilium reactor 


Sodium has high heat conductivity, as well as 











good radiation stability and high tempera- 
ture stability. In the absence of oxygen, 
water, and other impurities, it can be han- 

EPS Pepusteiat cuemicats co. 
: Division of National Distillers and Chemical Corporation 


99 Park Avenue, New York 16, N. Y. 
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Send for “Solar Advanced Technology” 


Learn how this forward-looking 
company can put its products, services 
and facilities to work for you 


NUCLEAR AND MISSILE DEVELOPMENT 
it Solar is centered in a team of quali- 
fied scientists devoted entirely to 
nuclear and guided missile technology. 
This experienced group represents only 
one example of Solar’s advanced plan- 
ning for today—and tomorrow. 

For three decades the company has 
been an acknowledged leader in intro- 
ducing new products and new produc- 
tion techniques. Products range from 


powerful gas turbines to industrial 
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expansion joints, from missile compo 
nents to thrust-producing afterburners, 
from stainless steel aircraft nacelles to 
“hot parts” for advanced jet engines. 
A new 16-page brochure giving full 
details about Solar’s products, services 
and facilities is available upon request 
Send for it today and learn how Solas 
can put this experience to work for you 
Write to Dept. D-204, Solar Aircraft 


Company, San Diego 12, California, 





aap cnpenpenananpang 


SOLAR 


Alacaart COmPanY 


sen 01160 
O18 monte 


For advanced technology brochure mali te: 
Dept. 0-204, Solar Aircraft Company 
San Diego 12, California 
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ENGINEERS WANTED. Unlimited opportunttios 
challenging projects, good living with Solar! 
Write for new brochure 
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Nuclear-Chicago offers complete new 
nucleonic laboratory instrumentation 


More than two years’ research went into the 33 a// 
new instruments that have been added to the Nuclear- 
Chicago line now offered to the small or large nucleonic 
research laboratory. Among these high-quality ad- 


vance-design instruments are many completely 


1A Model DS5-3P Scintillation Detector 
with exposed 2” «x 2” sodium iodide 
crystal and 18 Mode! 132 Analyzer 
Computer for precision gamma-ray 
measurements using pulse-heightdis- 
crimination techniques 


Model DS5-5 Scintillation Well Counter 
with exclusive ‘‘scaler-spectrometer" 
circuit and 28 Mode! 1820 Recording 
Spectrometer for automatic quantita- 
tive energy separation of gamma-ray 
spectra. 


Model 183B Count-O-Matic Binary 
Scaler, 3B Model C110B Automatic 
Sample Changer with Mode! 047 Gas 
Fiow Counter, and 3C Model C111B 
Printing Timer for completely auto- 
matic changing, counting, and record- 
ing of as many as 35 soft beta emitting 
radioactive samples 
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Model 3054 Manual Sample Changer with Mode! DS5 
Scintillation Detector which features interchangeable 
alpha, beta, or gamma sensitive crystals connected to 
Nuclear-Chicago's finest scaler, the 4B Model 192A 
Ulitrascaler. Model 192A features decade scale of 10,000, 
one millivolt sensitivity, and precision automatic 
circuitry. 


y 


a 





automatic counting systems. 

Whether you are just starting a modest radioisotope 
laboratory or expanding present facilities, call on 
Nuclear-Chicago. For complete details on the new 


Nuclear-Chicago line, write for our new Catalog 'Q”’. 





5 Model 2612P Portable Survey Meter con- 


tains a 1.4 mg/cm? thin window G-M tube 
for surveying for alpha, beta, or gamma 
contamination up to 20 milliroentgens 
per hour. 


6 Model 2586 ‘‘Cutie Pie’’ features inter- 


changeable ionization chambers for 
measuring beta, gamma, or x-radiation 
up to 250 roentgens per hour. 


7 Model 1620A-S Analytical Count Rate 
Meter offers a wide choice of full scale 
ranges, four time constants, wide range 
high voltage supply. It is shown with a 
Mode! D34 thin window G-M tube and 
P11 probe for continuous monitoring or 
analytical radioactivity determinations. 


nuclear - chicago 

Cc oo - = ao aad ae "+ & ~ 

235 WEST ERIE STREET + CHICAGO 10, ILLINOIS 
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When piping changes direction, 
protect process equipment with 


ZALLEA SELF EQUALIZING 
UNIVERSAL EXPANSION JOINTS 


Zallea Self Equalizing Universal Expansion Joints absorb 
any movement in any direction . . . axially, laterally, 
angularly, or any combination of these . . . making them 
ideal for protecting process vessels and rotating equipment 
from thermal expansion of connected piping. 


When there is a leg or 90° offset to a long run of pipe, one 
Zallea Universal Expansion Joint will frequently take care 
of the entire system. 


Under conditions of low load requirement for anchors or 
equipment .. . or when compressive loading in pipe walls 
must be kept to a minimum ... Zallea Universal Expansion 
Joints are the most economical answer to the problem. 
They absorb the internal pressure thrust. The piping system 
need only carry the relatively small deflection loads. 


Many types of Zallea Tied Expansion Joints are designed 
especially to absorb lateral deflection or rotation when 
there is pressure in the line. Universal, Modified Universal, 
Hinged, Gimbal, Pressure Balanced and Universal Pressure 
Balanced Expansion Joints give you a choice of the type 
best suited to your particular application. 


Get the complete story of Zallea Expansion Joints in our new 
72-page manual. Write, on your company letterhead, for 
your copy of Catalog 56. Zallea Brothers, 879 Locust 
Street, Wilmington 99, Delaware. 


expansion joints 


Zallea Brothers « Wilmington 99, Delaware 


World's largest manufacturer of expansion joints 


24°’ dia. Zalleo Universal Self Equalizing Expansion Joints in service 
nes of the engine test facility of o West Coast circraft manufacturer 
































connected towers for separating B-10 


Monel nickel-copper alloy withstands cor- 
and B-11 isotopes found in natural boron. 


rosive fluoride attack in these series- 


Hooker “divorces” boron isotopes in unusual 
350-foot, 6-tower, Monel fractionator 


.-.gets 3 pounds per day of precious 
neutron-absorbing boron-10 


The towers shown above are part of a 
six-tower fractionating system that 
may be the world’s most effective. It 
is located in the AEC’s Boron-10 
plant, designed and constructed by 
Singmaster & Breyer and operated 
by Hooker Electrochemical Co. 

In 350 feet of total height (they’re 
connected in series) they enrich a 
dimethyl] ether-boron trifluoride 
complex containing 18.8% B-10 to 
one containing 92% of this isotope. 

Strangely, the separation of the 
B-10 and B-11 constituents does not 
depend on volatility. Instead it de- 
pends on a difference in the rates of 


association and dissociation of the 
DME-BF, complex. The lighter B-10 
compound comes off in the liquid 
bottoms and the heavier B-i1 com- 
pound in the vapor tops. 


Corrosion potential is high 
With fluorides at 105°C., and with 
the inevitable trace moisture present 
in a system of this type, a high cor- 
rosion potential is established. 

For this reason, from the point 
where boron trifluoride enters the 
system via a Monel nickel-copper al- 
loy reducing valve, most equipment 
is made of Monel* nickel-copper alloy 


tanks, columns, re-boilers, con- 


densers, pumps, valves, piping. 


Columns are filled with 
protruded Monel alloy packing 
Monel alloy is highly resistant to the 
fluoride corrosion that is so often a 
problem in preparing isotopes and 
nuclear fuels. What’s more, it has the 
high strength and fabricating prop- 
erties needed for pressure vessels 

and allied equipment. 

For technical assistance with your 
own corrosion problems, call on Inco’s 
Development and Research Division. 


*Registered trademark 


The International Nickel Co., Inc. 


4», 
67 Wall Street INCO, New York 5, N.Y. 
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Fusion: International Perspective 


A’ THIS WRITING, the American public is in a 
state of intellectual and emotional shock over 
the Russian advances in satellites and missiles 
lhe President of the United States has felt impelled 
to go before the public to allay its fears about 
where we stand vis-a-vis the U.S. 8. R. Assur 
inces have been given by various officials that 
ve're not really behind in science and technology 
and that being “‘first’’ is not what is significant 

Whether or not these last two assurances are 

ilid, the most important effect of sputnik and 
its companions has been to make apparent the 
need for a soul-searching analysis of this nation’s 
role in science and technology. Perhaps more 
ignificant is the fact that there has come to light, 
really for the first time, the need to do this from 
the perspective of the international implications 
We cannot 


dey elop domestic policies without understanding 


of decisions on domestic activities. 


their potential repercussions abroad. 


t this very moment, the U.S. nuclear power 
A program is undergoing a thorough and critical] 
inalysis of whether it is designed to meet what 
ever foreign policy requirements this nation has 

Unfortunately, the pressure that is mounting 
for examining both our power reactor effort and 
our broad program in science and technology is 
primarily from the short-term point of view, the 
desire to out-sputnik the Soviets and to do it 
quickly. What we need instead is to immerse 
ourselves in the lessons of the day and to come 
out with a sophisticated plan for a look-ahead 
at the next decade, not just 1958 or 1959. 

\s an example, an ideal example perhaps, 
there is the field of controlled thermonuclear 
power. This is a field that is in its infancy, 
that is being pioneered right now. But although 
fusion efforts are in not much more than the test 
tube stage, there is little question that the 
technical feasibility of a fusion reactor will be 
proved and that at some later date an economic 
system will be developed. These achievements 
will bring with them an important new source of 
energy for the world, 


In light of this, the question we would like to 
pose is whether the U. 8. is doing everything it 
should be doing and can be doing in pressing the 
fusion program. ‘This is another area in which 
we're pitted against the Russians and also the 
British 
U. S. program feel we're behind the U. Kk. and 
that we may even be behind the U. 8. 8. R 


And some responsible scientists in the 


Here is a field where success lies in the future 
There is ample time, if a decision is made soon 
enough, for the U. 8S. to mount an aggressive 
attack on the major technological problems and, 
with good hope for success, to demonstrate to the 
world by action and accomplishment that the 
U.S. is, in fact, the world leader in developing sig 
nificant peaceful uses of science and technology. 

Instead, we appear to be moving along at a 
very leisurely pace in a rather modest program 
We are doing this behind closed doors in a way 
that is stifling broad interest in the work among 
many who might make useful technical contri- 
butions. The secrecy is also hurting those actu 
ally involved in the project, not only because of 
the welter of problems that arise under a system 
of classification, but also because of the absence 
of constructive scientific criticism from the out 
side, It is perhaps a truism to say that science 
flourishes in a free and open atmosphere, but it 


seems to bear restatement time and again 


s the country in the world that has the great 
A est potential for technological competence, 
it is criminal for us not to look beyond our own 
borders at the needs of the rest of the world, a 
world which, if only for selfish reasons we should 
want to help. Because we have no urgent need 
for a new source of energy 1s no reason for us to 
ignore the wants of other nations 

Thus, in the case of controlled fusion, we 
should do everything possible NOW to see that 
the U.S. is the world leader five, ten, fifteen years 
from now, or whenever success is achieved 
Certainly stepping up our effort and shedding 
the wraps of secrecy are important to ac 


complishing this 
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tear along perforation 


Location: 
Owner: 

Prime contractor 
On line: July 


Output 


electrical: 


Core tank 
He ight 
Inside diameter 
Wall thickness 


( omposition 


Core 
Configuration 
ize 
Fuel load—l 

I 

Composition 
graphite 
sodium 
uranium 
zirconium 
stainless steel: 
Nak 


voids 


heat: 20,000 kw 
6,000 kw 


10 ft 

11 ft 

I's in 

stainless steel (304 


eylinder 
6 ft dia & 6 ft 
62.5 kg 
2,190 kg 


86.5 vol & 
6.6 vol % 
3.0 vol % 
1.7 vol & 
0.32 vol % 
0.08 vol &% 
L& vol & 


Control and safety rods 


Configuration 
Number 
shim 
regulating 
satety 
Poison: 
Total rod worth 
Weight 
shim: 
regulating: 
safety: 
Withdrawal rate 
shim 
regulating: 
safety: 


scram time 


Rod drives 
Type 
Number 
Power requirement 
shim: 
regulating 
safety 
Motor rating 
shim 
regulating 
salety: 
Position indicator 
accuracy 
mechanical: 
selsyn: 


Fuel elements 
Type: 
Number: 
tods per element: 
Slugs per rod: 
Slug dimensions: 


eylinder 


~9.6% Ak/h 


56 Ib 
56 Ib 
22 Ib 


3.6 in. /min 
36 in. /min 
36 in. /min 
0.6 see 


lead screw and nut 
s 


2200 v,3 @ 
12 v, 2 @ 
2200 v,3 @ 


1,140 rpm, '4 hp 


3,600 rpm, '¢ hp 
1,425 rpm, ‘9 hp 


dia * 6 in 


Santa Susana, California 
Atomic Energy Commission 
Atomics International (Al 


25, 1957 


Slug temp avg 
Ha 


Burnup 


1,000° F 
1,200° F 


2,500 Mwd ton 


Nuclear Design Data . 


Moderator 
Type 
Average neutron 
energy 
Thermal-neutron 
flux ave 
max 
Prompt-neutron 
lifetime 
Ieff. delayed 
neutron traction 
Prompt temp 
coefficient 
Endurance 


graphite 
0.06 ev 


L565 & Wen 


5 & 1 nem? 


05 «Kk 1 


0.0075 


0.78% 10 
9,600 FPH 


Control requirement 


Burnup 
compensation 
Peak xenon 
override 
equilibrium 
samarium 
Total control 
available 


1.4% Ak/| 


2.4% Ak/h 


1.4% Ak/h 


mene 


Coolant 
Types 
Volttene in primary 
system 
Volume in second 
ary system 
Flow 
Temperature 
inlet 
outlet 


, 
Pressure 


Heat flux 
Max /avg ratio 
axial 
radial 
Core average 
maximum 


burnout 


*At 400" | 


positive (~ 35 kK 10 
average reactor temperature 


at ~ 700° I 


at full rr is 730 
to compensate for temperature 


requires 


sodium 
26,000 liters 


8,500 liters 
1,180 gpm 


500° Fk 
WO" F 
s psig 


1.35 
1.63 


209,000 Biu 


hie 


340,000 Btu /ft®/he 


900,000 Bru 


ft? 


Steady-state coefficient is 


, becomes negative 


Ih No control i 


coefficient because it im positive 








} Control rod drive 
REACTOR FILE ...N 


































































































































































































projecting upward are vents 
for off-gas from graphite 
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} rhe reactor is not scheduled 
ri tis rather slow approach to full p 
7 mental, high-temperature reac 
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my ihe [t— P need to be performed at low-px 
6 2 a Among these tests are meas 
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Supporting cylinders 
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.-NO.3 


n the Line 


\pril 25, 1957, and generated electric power on July 25 and 26. 
uns. There were further low-power runs during November. 
duled to operate at full power until early next year. This 
full power is attributed to the fact that the SRE is an experi- 
reactor with a large temperature difference across the core 
As a result, a program of tests and analyses of performance 


measurements of a variety of temperatures under steady-state 


to enable the calculation of thermal stresses, measurements 


























sodium as it leaves the fuel channels to determine the proper 
, be installed on the fuel elements, and measurements of the 
nd cold traps in reducing the oxygen content of the sodium, 
Hot Secondary 
trap fill tonk 
Cold trap 
~ Cold trap 
Exponsion 
) tonk 
Airbiast 
. heot exch. 
MAIN CIRCUIT { 
old ais Steam 
ap Expansion generator 
Heot tonk 
exch 
Cold trop 
AUXILIARY CIRCUIT Airblast 
agcuty heot exch. 








Location: 
(hwner 


Prime 


Mutput 


electrical 


Core tank 
Height 
Inside diameter 
Wall thickness 


( om position 


Core 
Configuration 
mize 
Fuel load——Ut* 


[2a 

Composition 
graphite 
sodium 
uranium 
zirconium 
stainless steel 
Nak: 


voids: 


contractor 
On line: 


Atomics 


20,000 kw 
6,000 kw 


i ft 

11 ft 

I'o in 

stainless steel (304 


eyvlinder 
6 ft dia 
62.5 kg 
2,190 kg 


x ott 


86.5 vol &% 
6.6 vol % 
4.0 vol 
1.7 vol & 
0.32 vol % 
0.08 vol % 
L.& vol 


Control and safety rods 


Configuration 
Number 
shim: 
regulating 
safety: 
Poon: 
Potal rod worth 
Weight 
shim: 
regulating 
safety 
Withdrawal rat« 
shim 
regulating 
safety: 
scram time 


Rod drives 
1 ype 
Number 
Power requirement 
shim 
regulating 
safety 
Motor rating 
shim 
regulating 
safety 
Position indicator 
ACCUrAcy 
mechanical 
selsyn 


Fuel elements 
Type 

Number 

tods per element 
Slugs per rod: 


Slug dimensions 


cylinder 


= to te 


B-Ni 
~9.6% Ak/k 


56 Ib 
56 Ib 


22 Ib 


3.6 in 
46 in 
46 in 
O.6 see 


min 
min 
min 


lead screw and nut 
a“ 


220v,45 @ 
120 v,2@ 
220 vV,5@ 


1,140 rpm, '4 hp 
$,600 rpm, '« hp 
1,425 rpm, 'y hp 


slug 
4 
7 

12 


4, in. dia K 6 in 


Santa Susana, California 
Atomic Energy Commission 
International (Al 
July 25, 1057 


Slug temp. ave 
rin 


Burnup 


Moderator 
I'y yt 
Average neutron 
energy 
Phermal-neutron 
flux ivg 
ins 
Prompt-neutron 
lifetime 
hoff. delayed 
neutron fraction 
Prompt temp 
coefficient 
Endurance 


10007 | 
200° FT 
2 500 Miwd /ton 


eraphite 


OO ey 

L45 &® 10M nvem om 
9 & LOM nem aoe 
os «Ww a“ 
OO075 

O78K Ww ! 





OOOO FPH 


Control requirement 


Burnup 
com pensation 
Peak xenon 
override 
hquilibrium 
sntnariim 


Total control 
available 


Coolant 
Vy 
\ olume 
syatem 
Volume 
ary sy 
Flow 


Te mperature 


in primary 


in second 


inlet 
outlet 


Pressure 


Heat flux 
Max avg ratio 
axial 
radial 

average 
maximum 


(ore 


burnout 


*At 40 f 
positive +x 
at ~ 70" } ay 
st full 
requires 
coefficient because 


mower in 


70 
to compensate tor 


1.4 \A 
24% Al 
O.6% Al 
14% Al 

Breile 


sodium 





26,000 Liter 


— 


10) liter 
1,180 gpm 


wort 
mo” I 
b pig 


1.604 
200, 000 Bou /ttt/he 


10,000 Bru 
GOO,000 Hou /ft®/he 


Stendy 


state 


fe? /he 








coelhewnt | 


becomes negative 


erage reactor Lemperature 


No control 


prrmity 


le mperatiure 
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Large removable plug . 
Control rod drive mechanism 


*otatable piug 


<<, 


as to be able to remove moderator and reflector cans from core. Sta 
tionary ring shield, rotatable plug shield, and large removable plugs are 
made of stainless steel encased conciete 


4 Drawing of top shield shows one of large removable plugs provided so 





eg — 









element, which is almost 8 ft in length, but otherwise iden- 
tical, Element consists of cluster of seven uranium-slug- 
filled rods suspended from common hanger that is in turn 
suspended from one of 81 small plugs in tep shield 


5 Model of SRE fuel element shown here is shorter than actual 





Loading face shield 


Boll nut 


Keys Pull 
rod 


Boron carbide 
Pull tube 
Poison 


thimbie 
Thimble 











shows that column of B-Ni poison rings assembled on pull tube 
is moved by lead screw and nut arrangement inside thimble 


; Cutaway view of shim rod (left) and regulating rod (right) 


a a a Ng 


“~— 








© Extra fuel channel 


© Extra experimental 
channel 


) Control element 
Safety element 
@ Fue! element 


@ Extra plug in 
shield 


@® Neutron source 


Loading pattern of SRE core shows position of fuel elements in center channels 
of hexagonal moderator cans, control and safety rods in corner channels, etc. 
Top shield contains small pl.gs that correspond to each position and some 
extras 


Fuel handling cask, in position over reactor top shield, is suspended from 
bridge crane. Cask is 34 ft high, weighs 65 tons, including 35 tons of lead 
shielding, and has room for two fuel elements 
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The Sodium | 
sodium-« ooled 


slightly enriche 


Cavity Liner, 
The entire re 
surface of the 1 
ing. The cavi 
crete pad at the 
from low-carb« 
thick on the si 
3-ft thick rei 
during constru 
removing heat 
heat productio 
easily removed 
l-in. steel pipe: 
Support for 1 
cylinders 21 i 
The core tank 
fabricated of 
core tank and 
514 in. thick, a 
eter, and 12 in 
and asbestos ¢ 
shield is fabrics 
series of seven 
are not welded 
rests on the bo 
The outer ts 
means of conta 
develop in the 
its walls are '4 | 
At the top of b 
permit thermal 
helium atmospl 
in the core tank 
and the outer t 
The top shiel 
ring shield sup) 
rotatable plug 
the ring shield 
15 ft and consi 
concrete that h 
gate. It is 6 ft 
and the reactor 
temperature all 
The rotatabl 
Same manner ae 
vertically throu 
components ané 
from the botton 
and one 20-in 
All contain plu; 
the handling ca 
The large pli 
forms and are | 
any of the reflec 
shield. The 75 








escription of SRE 


I t (SRI s a thermal 


te as the moderator and 


Shield 


vith the upper 


Liner, Core Tank, and Top 


t Vv grade 


el in the reactor build- 
1-ft thick reinforced con- 
ivation. It is fabricated 
f k at the bottom and 14 in. 


form about which the 


the 
foundation was poured 
{ y ration it provides means of 
i The maximum estimated 
' { 50 Btu/ft?/hr. This is 
ited through 28 standard 
{ to the outside of the liner 
‘ f ded by four concentric 
) ‘ tom of the cavity liner 
t » ft} 1 ft in diameter It is 
teel plate setween the 
{ i steel thermal shield 
t 9 ft high and 12'»9 ft in diam- 
ned diatomacious silica 
t silicate The thermal 
on steel in the form of a 
King jomts The rings 
{ the bottom ring simply 
t t r 
t t I t erve as an emergency 
the event a leak should 
ttom is 2'5 in. thick and 
ited of low-alloy steel 
iter tanks are bellows to 
rovide a gas seal for the 
t e the level of the sodium 
between the core tank 
I nent a stationary 
the cavity liner and " 
teps on the inside of 
in outside diameter of 
tee| form enclosing 
is part of the aggre 
\ between the ring shield 
al i low-melting 
tructed in much the 
t that casings extend 
de access to the core 
hielding is suspended 
ys are 40 in. in diameter 
( ire S|] mall casings 
nd reinserted by 
d stainless steel 
be positioned over 
f by rotating the plug 


t “ised and rotated by a 


after the a 


crane 
groove seal whicl 


shields Three 
shield as it is be 


Reactor Core Structure 


The SRI 


core 


{ 


packed array of hey 


reflecto 


moderator 
cated on a stain! 
tank There 


in the core tank 


The moderator « 
sheet with botton 


nas ween melted in the tongue and 

ited between the ring and plug 

ult-in rollers serve to center the plug 
gy rotated 

tructure consists entirely of a closely 


wh il 


wonal cans that contain the graphit 
Phese 
steel grid plate near the bottom of the 


cans are supported and lo 
ire 43 moderator and 76 reflector cans 
in. across the flats and 10 ft high 
fabricated of 0.035-in 
0.1 in. thick 


zirconium 
A stain 


inh ur 


ind top he ads 


less-steel support pedestal is bolted to the bottom head 


and a“ 


holted to the top he id lo 
in, a vent tube communicates to the 


surface of the 


eter forms a chann 


which the fuel element is 


The reflector « 


stainless-ste pacel 


sodium 


except that they a 


channels 


fixture | 
the 


helium above the fre« 


plate and lifting 


control the pressure inside 


A zirconium tube 2.8 in, in diam 
lin the center of the moderator can into 
placed during loading 

the 


steel and do not have 


ns are similar to moderator cans 


e stainless eenter 


Control and Safety Rods 


Phe 


control 


ind 


thimbles that proj 


top shir ld In the 


keep the top surface 


SKI 


reactor core 


ilet rods for the operate in 


ct down into the from the 
original design, an att mpt was made to 


of the shield as clear as possible of all 


control and safety rods to simplify the refueling operation 
This requirement led to a rod design in which the mecha 
nism that raise ind lowers the poison column is a long 
screw on which ric ball-bearing nut that supports the 
poison column Ph rev contained in a thimble but i 
located in a regior the thermal shield and in the 
upper sodium plenu The serew and ball nut must 
therefore, operate at temperatures higher than 960° F with 
the only possible lubricatoon being inorganic materials sucl 
is molybdenum ulf 

Material failure it these temperature forced a r 
design of the mtrol rod In this second design, the 
entire mechanisn ited in the thimble above the top 
shield where it operat it ambient temperature wo 
rods of the first re being used for shim rods at the 
resent 1 ore rods of the second design are used a 
regulating rod 

The four safety rt unt ir to the regulating rods 


materials and 


for dropping the rod and a snubber for deceleration. The 
latch mechani onsists of a chain drive attached to 
magnet that holds the tube supporting the B-Ni rings 
Fuel Elements 

The standard SKI rT rent consists of a cluster 
seven rods suspended on a hanger that is attached to one of 


the small plugs i 
()-It high colum! 


heat-treated int 


beont 


I 


but meclude a latch mech iriistl 


iration 


the top shield. Each rod consists of 
6-in.-high slugs of alpha-rolled, beta 
uranium contained in a thin 


valled 304-stainless-steel jacket tube with Nak for ther 
mal boncding The ig ve OF o0 in, om diameter the 
Nak annulus 0.01 in iverage thickness, and the jacket 
tube O.O1 in, in wall thicknes The tube is closed at each 
end by a welded stainless teel plug The Nak bonding 
illov extends a few inches above the slug column to a free 
surface above which is helium at atmospheric pressure 
when at room temperature Phi pace serve in nt 
olume for the thermal expansion of the Nak and for the 
cccumulation of fission gas 

lo prevent the rods from touching each other or the 
coolant channel tube, the six outside rods are spirally 
wrapped with an 0,002-in.-dia stainless-steel wire with a 


pitch of about 10 
directions 


lo deters 


ounter 
coolant 
from any channel 

the hanger rods wi 
fixture at the top of 
of the cluster perm 


anecd ime ludes mori 


Sodium System 


Although there 


are sone 


\\ rapped itt 
the 


in Alternate rods are 


to provide maximum mixing of 


nine the temperature of the exit sodium 
i thermocouple runs down the inside of 
th its junction located just above the 
the cluster Che fixture at the bottom 
its the expansion of the individual rod 
ind a locating guide 


hee plat 


problems concerned with the 


use of sodium as a coolant, solutions to these problems have 


been relatively sim 
melting pout Js 


Loop 


heaters have 
Because 
the large undergrot 
odium loop 
blanket 


the 


iar 
used as a 
vidition 

exch 


wate 
inger | «par 
the 


the outet 


mercut ih 
Perhap 

ite reactor 

cond 


chines team at 


odium reacts 


imnulu 


tem iv 


ple Because sodium has a fairly high 


| ) and hence could solidify im a cold 
been placed on all piping nr tanks 
chemically with oxvgen and water 
ind concrete vaults containing the pri 
ire filled with nitrogen, and helium is 
themselves In 


heat 


within the loop 
the 


wi 
team im secondary 


the 


T nd 


ited from secondary sodium bn 


between the double-walled tubes 
mnding advantage of the sOdiuMm-graph 
high thermal ethene It can pro 


itions approaching that available from 


nodern conventional plant Plans for the present SRI 
ore call for reactor coolant temperatures approaching 
Loo | vith steam bemg generated at 825° F and 
tO) tee 
ot I chon Sith operate at high temperature hut 
t does so at le pressure Chis is possible because molten 
im lon not bol at atmospheric pressure until it 
eache L6i4° ft This | pressure operation mean 
er thud t ind inerensed let The SRE doe 
it require contamment hell or tih pre ure ‘ | 
1 pip The reactor and the portion of the heat 
trat er tem that radioactive operate at low pressure 
ire ropletel tained inderground conerets 
ilt Che materiale used in the reand the heat-tran 
er te! ire moatille i! ne another, and there ie no 
i ! nh energ thin the reactor in result in the 
cleanse rachoactivit nal nificant quantit 
I if i pecini au tight reactor, buildu vi provided ti 
tain ar radioactivity release; however, the building i 
t a ontainment tructure nm tte ense in whieh thi 
raise applies to other reactor type The inherent char 
terieti of the dium-graphite reactor and the indi 
lual containment provided b the fuel wketa, the 
ta ‘ tee! heat-tranefer tem and the underground 
rete sult ure wlequats ifet precaution 
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SRE GOES CRITICAL. Chauncey Starr 
(center), vice president and general 
manager of Atomics International Divi- 
sion of North American Aviation, Inc., 
and Sidney Siegel, director of technical 
operations, check recorder for log n 
count rate during initial criticality run 


Starting Up SRE 


Early low-power operation of the sodium reactor experi- 


ment has gone well. 


Lessons learned from planned ex- 


periments and a fuel-loading incident are being applied 


By FRANK E. FARIS 


lio International, Canoga Park, California 


rHE PROMISING approaches to economic nuclear 
s in the development of the sodium-cooled reactor 

The present embodiment of this concept is th 
Re 


id constructed by Atomics International as part 


actor Experiment (SRE), which has been de 


AEC’s five-year reactor development program 
itions to date (to be described later in this articl 
ded these valuable lessons 
itions during the power runs showed that thi 
of flow-programming devices in the sodium sys- 
1 pump to reduce leakage between the plenum 
the fuel channels and that feeding the spaces be 
oderator cans would be desirable. These modifi 
significantly reduce thermal stresses during 
n at high power levels, 
been relatively easy to maintain the oxygen con- 
sodium at 10 ppm with the cold: traps under 
onditions 
indling procedures have been improved alter 
i mishap that led to a damaged fuel eiement 
enance operations associated with the removal 
ind replacement of the disposable cold trap for 
ides will be simplified by attaching the trap 
th flanges, rather than welding it in place. 
eThe rather slow approach to full power, which is re- 
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quired for the SRE because of its experimental nature and 
the fact that it has a large temperature difference across 
the core (460° F at full power) should not be required in 
the case of future plants designed with information avail 
able from the operation and the testing of SRI 


Precritical Tests 


A dry subcritical fuel loading was performed, after all 
preliminary instrument and mechanical tests were com 
pleted, to obtain an extrapolated value of the critical mass 
without the primary coolant sodium. This experiment 
was performed by loading fuel elements from the center 
outward until the reactor was within two fuel elements of 
being critical The predicted dry critical mass at room 
temperature from this experiment is approximately 22 fuel 
elements P 

Upon completion of tests with the dry system the 
coolant system was preheated preparatory to filling with 
sodium. A number of cases of uneven heating were dis 
covered during this period, particularly on some of the 
large sodium tanks. These situations were easily rectified 
by changes in the heater circuits and the addition of 
insulation 

Sodium was melted and transferred from the storage 
tanks to the reactor and the loops after they had been pre 
heated to 350° F 


the system to check out pumps and other components 


Sodium was then circulated through 


Operational tests of the sodium systems were performed 
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with particular attention to the behavior of the process 
instrumentation and the adequacy of the cold traps for the 
reduction of the oxygen content of the sodium. It was 
found the cold traps maintained the oxygen content at 
10 ppm. The hot traps have not yet been tested 


Critical Experiment 


The wet-critical « ‘periment vere performed with the 
sodium in the core maintained at 350° | Fuel elements 
were again loaded from the center outward with measure 
ments for the inverse-counting-rate curve and estimates 
of control- and safety-rod worths being made after each 
element was loaded. SRE achieved criticality on April 
2h, 1957, with a wet-critical loading of between 32 and 33 
fuel elements. At criticality there were 33 fuel elements 
in the core; three of the control rods were completely with- 


drawn, and the fourth was 5 ft above its lowest position 


Low-Power Physics Tests 


A series of nuclea wasuremen ow power levels 
were then made that included control- and safety-rod 
calibrations, flux mapping, determinations of the worth 
of fuel elements in various positions, and a preliminary 
determination of the stead tate temperature coefficient 
of reactivity 

The worth of each control and safe rod was found to 
be about 1.2% i preliminal mperature-coefhicient 
measurements & ‘ the steady-state coefficient is 
positive (~3 » n the temperature (400° F) 
range, are ult that had been predicted b 
tions The data indicate 


earlier calcula 
become zero o1 
negative above 700° | which ear the average core 
temperature during full-pow 

It should be pointed or it he prompt coefficient 
which is the coefficient of importance for control and 
safety, is negati lramatically demon 
strated by the self-re 
the first power runs when ctor was operated for a 
neutron-flux controller The 


of the reactor during 


time without the automati 
only operator action required ) mamtain a constant 
power level Wit in occasional wijustment to com 


pensate for the buildup of xenon and samarium 


Initial Power Runs 


Before beginning the fi + un, the over-all con 
trol and safety system ut with the primary 
Then the fuel 


operation were added to 


coolant system being maintained at 670° | 
elements required for power 
bring the total number of elements in the core to 36 

On July 12, 1957 the first power run was made 
demonstrating the ability of the SRE to generate heat for 
conversion into electrical energs During the first tests 
with operation on an intermittent basis over a 3-day 
period, the turbine was on the line for 46.5 hr and produced 
a total of 59,800 kwh of electricit The run was started 
at a power level of 2-3 Mw(th) with a 50° F temperature 
gradient (A7') across the core. This was followed by a 
LAT of 130° F. Dur- 


ing the latter portion of the run, a maximum output of 


gradual increase to 6.5 Mw(th) and 


1.7 Mw of electricity was reached rhis is approximately 
one-third of the design power output A subsequent 


power run, during which 18,400 kwh of electricity were 
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successfully generated, was made on July 25 and 26, 1957. 
The power runs provided the occasion for other closely 
related tests, such as the following 
Shielding. 


ments of shielding effectiveness were made. The shield 


During both of the power runs, measure- 


blocks above the galleries and the rotatable plug shield 
were found to be quits adequate In fact, some measure- 
ments directly over intentionally unfilled gaps between 
gallery shielding blocks indicate that streaming through 
gaps is actually less than expected 

Flow programming. Systems analysis studies when the 
reactor was being designed had indicated that it might be 
desirable to program the flow decay to match the power 
decay subsequent to a ‘scram’ so as to minimize thermal 
stresses, particularly in the moderator cans and in the 
core tank 


for the calculations, it was decided to await actual reactor 


Because of the many assumptions required 
tests prior to 4 decision on the addition of programming 
devices. Several planned ‘‘scrams”’ were initiated during 
the power runs 80 as to measure the temperature and flow 
as a function of time following the dropping of the safety 
rods The results of the tests indicated the desirability 
of the addition of electromagnetic eddy-current brakes 
to slow down the coolant at a rate that matches the decay 
in power during a shutdown ; 
Moderator cooling. During the power run the modera- 
tor can cooling system was checked It was found that 
there is some leakage between the two lower plenum 
chambers with the result that the moderator can cooling 
is greater than anticipated. This situation is being cor- 
rected by the addition of an electromagnetic pump, whi h 
will pump sodium from the plenum feeding the spaces 
between the moderator cans back into the main primar 


sodium system 


Normal Operation 


It is interesting, in the context of the foregoing discus 
sion of early operation of SRE, to describe the procedures 
that are normally used to bring the reactor and steam sys- 
tem to full powe! ee figure on p. 39) 
tem and interlocks 


are tested before starting a power run 


lo begin with, the reactor safety 
The sodium is 
then heated by the electrical heating system to 350° | 
and the coolant flow rate is maintained at 100% in all 
sodium loops ih procedure designed to provide maximum 
With the neu- 


tron source providing a constant supply of neutrons the 


safety during the initial phase s ol startup 


withdrawal of all four safety rods is followed by the with 
drawal of the control rods while the operator observes the 
nuclear instrumentation 

When reactor power (neutron level) is seen to increase 
steadily without further control-rod withdrawal, the re- 


actor has become critical Power is then increased to ap- 


r 


proximately 1 % of full power, and the electrical heaters for 


the sodium system are turned off. Power is gradually in- 
creased at a rate which will give an increase in sodium 
temperature of 30° F/hr. This rate of increase is prob- 
ably conservative but will be adjusted as more is known 
about the system When the sodium in the secondary 
loop reaches a temperature of 440° F, feedwater flow to 
the steam generator is started and is adjusted to hold the 
steam-generator-outlet sodium temperature at 440° F 


Power is then increased until 15% of full power 18 
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d. At this point the power level is stabilized, and 
eactor is placed on automatic neutron level contro! 
dium flow is then decreased at a rate that will give an 
rease in reactor outlet temperature of 30° F/hr. The 
nlet temperature is, meanwhile, held constant by the ad 
When the sodium 
flow has been reduced to 15%, the full 460° F gradient is 
tablished across the reactor, with the sodium inlet tem 
at 500° F and the outlet temperature at 960° I 
Che reactor is then returned to manual control. 


ustment of the boiler feedwater flow. 


perature 


The turbogenerator in the steam plant is started at 
W he nh 


the generator is synchronized and on the line, the reactor 


this point and allowed to attain its correct speed. 
ntrol room is advised that the steam plant is ready to 
e additional power. Sodium flow and reactor power 
then increased together in such a way that the reactor 
et temperature is held constant. This increase is con 
iued until the reactor is at full power with 100% sodium 
At this point the reactor is again placed on auto 
ontrol. Boiler feedwater will have been placed on 

iatic control whenever the feedwater flow was suffi 


t to permit automatic regulation 


Maintenance Experience 


rhe two most important maintenance operations per 

| thus far are the removal of a damaged fuel el 

nt from the core and the replacement of the disposabl 

trap cartridge. In both instances the operation pro 

iluable experience and generated confidence in the 
iintenance techniques adopted for SRE, 

Fuel element. The damaged fuel element was di: 

| when difficulty was encountered in trying to re 

t with the fuel-handling cask subsequent to the se: 

er run. When the shielding plug was finally 

t was found that the hanger rod had parted and 

e 7-rod cluster had remained in the core. The 

evel was lowered, and examination showed that 

ister Was protruding approximately 18 in. above th 

if the moderator can and that the protruding portion 

The clus 


id othe I broke nh pieces of the assembly were removed 


ent at approximately 30° to the vertical 


ngle day with grappling tools devised for the purpose 
nvestigation of operating records indicated that 
ent, which had been loaded between the wet-criti 
vriment and the first power run, had never occupied 
oper position in the core. This discovery explained 
decrease in reactivity that had been observed prior 
power runs. The records showed that the fuel ele 
question was loaded at a time when the sodium 

ul been lowered to the tops of the moderator can 
lations indicate that under these conditions freezing 
im can occur when a cool element enters the fuel 

ne This freezing of sodium as the element wa 
ered undoubtedly explains why the element never com 
entered the core. Operating procedures have now 
modified so that fuel and other core elements are 
loaded without the presence of the sodium pool 
the core, and a soaking period in the pool is now 
fied to insure that the elements will be hot enough to 

ent freezing before they are placed in the core 
Cold trap. As a result of the initial cleaning of the 


wlium and the cleaning to remove oxygen introduced into 
the system during the removal of the damaged fuel el 
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SRE STARTUP PROGRAM. Normal operation begins with 
100°, sodium flow and entire system at ~350° F. Full 
power is achieved some hours later with reactor inlet tem- 
perature of 500° F, outlet of 960° F. Primary sodium 
system operates at 3 psi, secondary system at 40 psi, and 
steam is generated at 600 psi and 825° F 


ment, it was found that the disposable cold trap for the 
main primary system had become inoperative. The trap 
was cut from the system and steam-cleaned without inei 
dent. A new cartridge was then installed, and the trap 
was replaced. An improved trap, in which the volume 
available for effective oxide deposition is increased, has 
been designed. Flanges are incorporated in the new de 
sign for easy removal when the trap has become filled with 


oxide 


Future Operating Plans 


Further power runs at relatively low levels are in 


progress at the present writing November, 1057 Sub 
sequent to these runs, the low-power physics experiments 
will be completed; plant modifications suggested by the 
first three power runs will be carried out; and the hot traps 
will be tested and placed in operation 

Full-power operation is planned for early next year As 
soon a8 full-power operation has been achieved, heat 
balances, reactivity changes, graphite outgassing and the 
like will be measured, Particular emphasis will be placed 
on achieving high integrated power to obtain information 
on the behavior of the various fuel elements being tested 


ith the core 


Fuel-Element Development 


The SRE fuel-element program is of prime importance 
because it holds the promise of higher-temperature oper 
ation with consequent improvement in: thermodynamic 
efficiency. Several experimental fuel clements have al 
After completion of the 
initial power runs, it is expected that from 20-25% of the 


ready been fabricated for testing 

fuel elements will be experimental. Among the elements 
to be tested will be ones containing centrifugally cast 
uranium, centrifugally cast uranium-zirconium and ura 
nium-molvbdenum alloys, uranium-molybdenum alloys 
fabricated by power metallurgy, extruded thorium-uranium 
illoys, and uranium fabricated by powder metallurgy in 
the form of large hollow cylinders rather than in the form 
of the standard seven-rod clusters. A program is also 
underway involving various ceramic fuels that seem to hold 


particular promise for long burnup at high temperatures 
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Significance of SRE 


MvUcH MORE operating experience will be required before 
one can judge the ultimate significance of SRE as an em- 
bodiment of the sodjum-g iphite reactor concept How- 
ever the design, construction and limited operation to date 
have produced problems, some now solved, others still 
unsolved, that provide useful lessons for other reactor 


designers. 


Zirconium Moderator Cans 

The development of zirconium moderator cans has been 
one of the principle design problems in the SRE project. 
Tests on the behavior of zirconium in circulating sodium 
showed that Zr is susceptible to oxidation even at very low 
levels of oxide impurities in sodium. Because of this great 
affinity of zirconium for oxygen, a surface layer of oxide 
develops. This layer of oxide is brittle and cracks easily 
under stress. These surface cracks can then lead to accel- 
erated fatigue failure of the zirconium during alternating 
stress cycles 

This problem has largely been solved in the present 
SRE core by a can design that strengthens the regions of 
high stress (NU, June 57, 84) and by the inclusion in the 
primary loop of an oxide-trapping hot trap in addition to 
the usual cold trap The hot trap reduces the oxygen 
content of the sodium to a level substantially lower than 
the 10 ppm attainable with cold traps alone 


Fuel Element Experience 


The metallic uranium slugs chosen for the SRE fuel ele- 
ment seem to be under a cloud at the present time. The 
results of recent in-pile tests of SRE fuel elements in the 
MTR have been unfavorable. The test results were not 
too conclusive because the neutron flux may have been 
higher than anticipated. This would have lead to test 


temperatures far in excess of reactor temperatures, Thus 





What Has SRE Cost? 


The cost of the SRE project through fiscal year 
1957 totals $16,733,000, of which $2,850,000 was borne 
by NAA. 


A breakdown of this total follows. 


Cost of SRE by Fiscal Years 
(thousands of dollars) 
1954 1955 1956 1957 Total 


Research & develop- 

ment 1S 61,566 2,254 3,814 8,945 
Reactor fabrication 135 858 4,280 2,008 7,279 
Fuel fabrication 0 135 80 113 328 
Test operation 0 0 I 180 181 
Total 1.444 2.559 6,615 6,615 16,733 


An additional $8,271,000 will be spent during the 
current fiscal year for research and development and 
operating expenses. This brings the total cost for 
the term of the original contract to $25,004,000, 
This is 150% more than the $10 million that was esti- 
mated as the total cost when the contract was 


awarded on June 25, 1954. 
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the MTR tests do not settle the question of the effects of 
high temperatures on the present fuel element design. 
Still, they cause doubt and provide an argument for cau- 
tion in bringing the SRE up to full power 

Clearly it is not possible to predict how long the current 
fuel elements will last under full-power conditions. Origi- 
nal estimates of 2,500 Mwd/ton are generally regarded as 
optimistic. Surer answers can come only when the reactor 
goes to full power early next year. 

The in-pile tests at MTR did furnish one positive con- 
clusion; thorium-uranium combinations seem superior to 
straight uranium. Coupled with Al’s plans for oxide fuel 
elements, this provides lots of possibilities for the over-all 
SKE fuel-element development program (see p. 39). 

It is also planned to replace the present core with a com- 
pletely new second core, including a different configuration 
of the graphite moderator, possibly a different method of 
canning the graphite itself, and a considerably different 
fuel clement design 

Chis second core for SRE is an attempt to achieve 
sodium temperatures approaching 1,200° F (vs 960° F), 
The tanks and piping in the present reactor and sodium 
system have been designed for these higher temperatures. 
It is estimated that $4.7 million will be required for these 
modifications and for a sodium flushing and solid-waste 


storage system not now included in the SRE plant. 


Reactor Physics 


From a reactor physics point of view, a number of impor- 
tant measurements have already been made, particularly 
those relating to critical mass, worth of fuel elements in 
various positions, control- and safety-rod worths, neutron- 
flux distributions and shielding effectiveness. A prelimi- 
nary measurement of the temperature coefficient has been 
made, and, as predicted by calculation, the steady-state 
coefficient has been found to be positive in the low-tem- 
perature range (~3 X LO IF at 400° F). The data 
indicate that the coefficient will decrease with increasing 
temperature and become zero or negative ~700° F. The 
prompt temperature coefficient, which is the important one 
from a safety and control standpoint, is negative. With a 
negative prompt coefficient available to provide stability 
and safety, the existence of a positive steady-state coeffi- 
cient is an advantage in that a smaller loading of excess fuel 
is required for operation 

Continued experiments on the physics of the reactor will 
be carried out with special emphasis on the worth of the 
experimental fuel elements, more careful measurements of 
the steady-state temperature coefficient, measurements of 
the prompt temperature coefficient, and the determination 
The results of 


these studies will be of importance in connection with the 


of the effect of long burnup on reactivity. 


core design of full scale sodium-graphite reactors. 

At present the steam plant is subservient to the reactor. 
After the experimental program on the reactor is well 
advanced, it is planne d to change the control scheme so 
that the reactor will follow steam plant demands. The 
technical knowledge being gained in the operation of the 
steam plant will be available to other utility companies 
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M. W. Kellogg Co. radioisotope 
laboratory in Houston, Texas, 
scene of a radiation incident 


March 13, 1957 


Wa 4-1 | (eYele Mn Xelelleliteyamlateliel-yal 


2. Windscale Reactor Accident 


Britain's Windscale Reactor No 
1, foreground, was put out of 
commission by accident on Oc 


tober 10, 1957 


: | 
. Tt 
be 
New bal aa 


In the past decade, the world-wide nuclear energy industry has amassed a truly amazing 
safety record temarkably few accidents have taken place in the handling of nuclear 
materials and in the operation of nuclear facilities 

Although public interest in matters of nuclear safety has always been high, this interest 
is increasing considerably as more and more individuals and organizations become involved 
in the nuclear field It is thus important not only for the welfare of the general public 
but also for the well-being of the nuclear industry that the public be enlightened on sucl 
matters 

With this in mind, NUCLEONICS plans to publish the full texts (space permitting) of 
official reports on nuclear accidents as quickly as such reports become availabl Speed 
is vital because delays in issuance of the facts permit false information to be circulated 

The first such re ports ar published in this issue On p. 43, there appears the full text 
of the Atomic Energy Commission report of the incident that took place at the Vi. W 
Kellogg plant in Houston, Texas, on March 13, 1957. Starting on p. 44 there appear the 
portions of the report relating to the causes of the accident that took place at the United 
Kingdom production reactor facility at Windscale on October 10, 1957 


Turn page for official lextsa of accident re ports coe 
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This is a statement 
Atomic energ 
cerning the background 


ager of the 


to an incident invol 

release of radioactive | 
Houston plant of th 
Division of the M. W 
in March 1957 The 
statement wae gatheres 


AEC staff 


involved in the 


tion by the 
incider 
records of the license 
tion provided to the lice 
pany that supervised the 
of all facilities, areas ar 
nated as a result of the 
On April 19, 1957 
Company, 711 Third A 
New York, 
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At the time of 
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suspended not I the 
o operation but all Ak(¢ 
of the 
May 17 
No, 31-246-3 to the compan which 

effect of lifting the Ma 
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Kellogg ¢ ompany 


1957, the Commission } ied 


artially 





That license authorized 
(Construction Depart me nt 
ind use certain radioisotopes as 
in radiographic testing of 

ngs his work was previ 
out by the company under 
246-1 The activities of the 
Department are of a different 
icted in different facilities 

of the Nuclear 

uth Houston, Texas 
out April 24, 1957, the 
empio ed l'racerlab Ine ol 
Ma chusetts, to 


all areas involved as a result 


Products 


Ke llogg 


survey und 


was initi 
April 25 
chee ked 

vidence of contamination 
checked 


eral articles of clothing 


This procedure 
morning of 

53 sutomobiles 
8 gave evidence of 
be contaminated The 
contan 
iT 4 Ma 
one trailer which were iso 


1057 and 


ination procedure was 
1957, except for one 


completed in 


ireas outside the Kellogg 


NUCLEONICS 


TY ifter the Windacale acci 
0 p. 130) the United King 
Energy Authority appointed a 
ommiuttee of Inquiry to investigate 
measures taken to deal with the 
CONSEQUENCES Vembers 


Director Of the 


fiomuc W eapons Research Estab 

B. I J Schonland Deputy 
the Atomic Energy Research Ea 
J. M. Kay, Profeasor of Nuclea 
Imperial College of Science and 
Profe a0 of 
V ancheate Uni- 


commultlee 


Jacl Diamond 
Engines 
addition a 


/ the 


/ 


ing al 
& pert ral 
Vedical Reasearch Council 
1 health and safety aspects 
these inve stigatora were pub 
Cin a 26-page document 
f a memorandum by the Prim 
and ¢ The jirat annesz 
ersvon of the report of th 
The others deal with 


deal with consequences; health 


anneres 
rated 


respectively 


a memorandum by Plou 
K. AEA on Calder Hall 
eactors; and the assignments 
ships of the committees The 
th annexes are reprinted here 

of the W indacal+ 
fained by sending 80.28 to British 
es \5 Roc kefelle Plaza 

y 


Vol. 15, No. 12 - December, 1957 


com plete eport 


plant suspected of contamination have been 


monitored by radiation detection instru 


ments and decontaminated where contami- 
nation was found 


The 


medical examination of 20 persons, 19 of 


Kellogg ompany arranged for 
members of their families 
These 


direction 


them employees or 


and one a neighbor of an employee 
persons were examined under the 
of Dr. Herbert ¢ Allen 

Director of the Radioi otope 
of the Methodist Hospital, Houston 


Except for i neo} 


Internist and 


Department 
Texas 


radiation burn noted 


on each of th t laboratory employees 


who were present at the time of incident 


medical examinat were hegative (om 


plaints of omiting and loss of 


imline 


weight by one of the employees who re 


ceived one of the burns have been 


nofr 


evaluated bh the examining physician as 


having no pathologic organic relation to his 
exposure to radiati When last examined 
by Dr 


were 


Record ' j ine ) the 


Allen the ul on both employee 
healing witho ‘ plication 

lhcoensec ol 
radiation expo employer 


while working show 


that neither of t empl vent 


in the laboratory at the time of the incident 


received a radiation during the 
week the 
permissible 
AKC 
Radiation 

The records 
week 


about 


exposure 


incident occurred, in excess of 


values established in the 


Standards for Protection Against 
luring the 


1057 


that 
April 12 


after the 


indicate 


ending on or about 


four week incident «ox 


curred, one of the employees received an 


exposure of 1,720 millirems which i aboot 
twice the exposure per i vler the 


regulations for in penod ‘ evet con 


secutive days Phi occurred during the 


clean-up operations in the laborat 


This one employee's curnulative exposure 
week including 
April 12 


was 36.575 millirem rhi 


record for 13 consecutive 
the week of the 
weekly 


exposure 


incident and the 
exposure 
exceeds the permissible quarter! 


exposure, under these condition hy atrovuat 


2h of that permitted b regulation 
There were no other 
plovees recorded 


All aren 


either completely deconta 


overexposure to em 
during that period 
within the plant site have been 
inated or estab 
tuuritil the ‘ i te 


lished as restricts 


completely dee 


Accident at Windscale No. 1 Pile 
on October 10, 1957 


Report of the Committee of Inquiry 


The cause of the accident and the measures taken to deal with it 


Summary 

l The acei wcurred during a cor 
trolled relea d Wigner energy from 
the graphite o 

2. The imm ‘ of the accident 
was the secon ting This wa 
applied before a ul ariel the 
nuclear heating put in at too rapid a 
rate The second nuclear heating wa ip 


Wig 
snd that parts of 


plied because it was thought that the 
ner release wa living awa 
the graphite structure were therefore 


annealed Phe 


sufficient in 


going 


to escape being instru 


mentation of the pile wae not 


quantity or in i iyution 


throughout the 


pile to enable iable judgment to be 
made 

3. The ne uclear heating led to the 
accident b failure of one or 


more cartridge ‘ it then oxi 
dised slowly, ¢« 


By far the most likely po 


leading to the fire 
ibility is that the 
second nuclear heating caused the failure of 


one or more uranium fuel cartridges \ 


second possibilit which cannot be entirel 
lithium-mag 
h failed Phe 
ed pockets 


when the general 


eliminated, is that it was a 
nesium cartridge whu second 
nuclear heating ; have relea 
of Wigner « 


level of 


ner”, st m titre 
temperatures throughout the pile 


was high 


1. During the ifterno ‘ " ln 
10th October, the operatin ‘ pile 
had «a 
cartridge \t 16.40 ‘ j ection 


thought the 


through a plug hole in the ile | sled 
glowing fuel cartridge re wetion 


were taken and bh iinight§ the 


major decision had beet other 


mensures failed, water 
reduce the fire 


the Chief Constable 


She 
warned of the possibilit 
factor 


and men in the 


emergency with inetructio indoor 
ind wear face mask Water wa wtuall 
turned on at OR.55 on brida lith Oetober 
Water was turned 0 Saturda 
2th October, b 
cold 

5. The Committes 
Authorit 
opinion the tep ken to 


the Atomic Knerg 


wodent once it 


prompt and efficient an 


devotion to dut onthe p 


The Cause of the Accident 


6. The phenome orage of 


lue to neutron bombard 


Wigner 


‘ 


energy in graphite 
ment (the o-called energ hae 


ontinued on p, 80 
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FUEL REPROCESSING SERIES—2 


Low-Decontamination 


and Volatility Methods 


By EDWARD L. ANDERSON, Jr. 


Di 


ING cheme 


SEVERAL FUEL-REPROCI 
under development today show promis 


for the long-term nuclear-power picture 


They offer advantages over the con 


xtraction 


proc ° 


ventional solvent-« 
in plant size, waste handling, range of 
fuel materials handled and, probabl 
cost. These schemes are grouped her 


as volatility and low-decontamination 
Processes, 

Volatility processes (lig. 1), like 
solvent-extraction processes, are able 
to achieve high decontamination—re 
radioactive 


moval of essentially all 


contaminants (fission and = corrosion 
products) to permit manual refabrica 
The basis of thes 


differences i 


Process ihe 


tion. 
in the olatility of 
the uranium, plutonium and fission 
product fluorides. Two approaches 
are being studied (7 low-temperature 
(120° C) fluorination with Brl 


high-temperature (600-700° ¢ 


and 
fluori 
nation in fused salt with HF and then 
Fs, 

Several other approaches to volatil 
ity processing have been considered 
informally, These include the Zirces 
type headend (2) followed by a trans 
UCI 
The fluorination techniques de 


formation of the into 


UF,. 

*The first part of thi eries Fuel 
Reprocessing by Aqueous Methods Ap 
peared in NuUcCLEONTICS, Oct, '57, p. 72 The 
third and fourth parts, appearing in futur 
issues, will cover waste and the 
economics of processing 
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product 


disposal 


ion Of Teeactor Development { Ss 


for the high- and 


process ~ 


eribed in this article 
low-temperature would be 


applicable, Furthermore, the diluting 


zirconium alloy would be separated 


from both the uranium and the fission 
products 

Volatility processing compares favor 
solvent extraction in six 


ably with 


respects (1) Decontamination is as 
good or better (2) 
(3) Waste is easier to 
solid. (4) 


Wider range of certain fuel materials 


Process is chemi- 
cally simpler 
handle as a concentrated 


zirconium-niobium) can be handled. 
(5) Cost advantages are anticipated, 
6) Reagents are probably less suscep- 
tible to radiation damage. However, 
plutonium, particularly the hexafluo- 
ride, presents a handling problem be 
cause of its reactivity 
Low-decontamination processes 
have as their objective the purification 
of reactor fuels only to a level such that 
they are suitable for reactor recycling. 
The distinction between the high- and 
low-decontamination processes in terms 
(DF) is 
rather sharp--high decontamination 
refers to DF’s of the order of 10°-105, 
whereas low decontamination refers to 
D's of the order of 10-100 (perhaps 


for only certain fission products). 


of decontamination factors 


Aqueous and pyrometallurgical proc- 
esses are being studied for low decon- 
tamination. Because the products of 


these systems are too radioactive for 


lfomu Ene 


gy Commission, Waal ngton dD ( 


manual handling, the must 


processes 


bn used for continuousl' processing 


liquid, homogeneous fuels or in con- 


junction with remote refabrication of 
solid Although the 


cost is high, this should be compensated 
entory then that 


fuels processing 


for by a lower fuel inv 
high-contamination proc- 


their 


required by 


esses with long pre- or 


post- 


processing cooling periods Low-de- 


contamination wastes are also in a 
solid, compact form 

Aqueous reprocessing cycles are de- 
scribed here for the Fast Oxide Breeder 
FOB) and Homogeneous 
Kxperiment (HRE-II 


small low-decontamination plants are 


Reactor 


In both cases 


ot the valuable core 
blanket 


used for recovery 


material while material is 


transported to central processing plants 
conventional extraction proc- 
Both core eye 


extraction 


lor more 
essing les use a solvent- 
after «a preliminary 


FOB 


poison 


step 
step for the and a 
separation of solid 
from the HRE-II fuel solution 

») 


Pyrometallurgical processes (Fig. 2 


leaching 


material 


use a molten-metal medium for oxida- 
tion-reduction reactions or for se para- 
crystallization, 


tion by volatilization 


or extraction. An important feature 
is the high radiation resistance of the 
cycles are de- 


reagents Processing 


scribed here for the Experimental 
Breeder Reactor 


fueled reactors. 
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and liquid-metal- 





Volatility Processing 


It was long recognized that a separa- 
tion method based on UF, volatility 
Fig. 3 
steps that are part of current solvent- 


would eliminate several of the 
extraction techniques—(1) solvent-ex- 
themselves, (2) the 
the 
(3) the subsequent H, 


traction eveles 


denitration of uranyl nitrate 


product to UO 
reduction to UO, and (4) hydrofluorina- 
» UF, 
or fluorinated to UF, 


by gaseous diffusion. 


tion t which is reduced to metal 


for enrichment 


Plutonium separation from a volatil- 
In the 


aqucous- 


stem 18s a severe problem. 
state of 
natural-ura- 


nt advanced 


ition 


methods for 
ystems, the original proposal ola 
ity process tor uranium separa- 


llowed by an aqueous process 


itonium separation from the 
salt residue may no longer be 

wetitive 

eral inherent advantages of vola- 
stems have, however, only re- 

come apparent, and an exten- 

still 


in these systems 


elopment 
Interest 

thei 

ing the problem of ultimate 


program 1s 


around potential for 
sposal as well as their advan- 
the 


ented by zirconium-type fuels 


n coping with problems 
vaste-disposal advantage arises 
the fact that the process waste 1s 
concentrated, either as a dry 
n the iri 


lution of fission-product fluorides 


dissolution vessel or 
is a 
molten-salt dissolution medium 
efforts in 
wastes [rom aqueous processing streams 

1 at de 


in the 


me of the major treating 


veloping condensed 


phases to reduce the fission-product 


Salt volatility 
this 


current 


mobility residues of 
accomplish 
the 


“aqueous ZITcOnIUI Process, as well tis 


processes may well 


directly, In addition 
several alternates under investigation, 
the 
been 
the 
with in- 


requires the use of fluoride ion 


corrosive nature of which has 
found to compound severely all 
difficulties 
terim and ultimat 


Additional interest in volatility proc- 


usual associated 


waste storage 
esses has from the realization 


that 
zirconium 


“arisen 


present aqueous methods, for 


fuels in particular, are: of 
only limited applicability at this time 
The only process for zirconium-alloyed 
fuels that has been fully developed is 
limited, for the moment at least, in the 
range of Zr-U ratios that it can handle 
No such difficulties are anticipated in 
the high-temperature atility 
offer excellent 


with respect to a wide variety of zirco- 


which potential 


CSSOCN 


nium- and niobium-base fuels and 

may be satisfactory for other types 
The future of the high-decontamina 

approach will depend, 


tion volatility 


to a large extent, on continued success 

in solving the engineering problems, 
The BrF; approach (Fig. 4), assuming 

the 


Is developed Is 


“all-volatility”’ plutonium process 


limited by the same 
problem found in aqueous processing 

only declad or chopped fuel elements 
directly 
probably 


can be dissolved Separate 


decanning steps aqueous, 


might be required to remove jackets of 


stainless steel, aluminum or zirconium. 


The fused-salt process, while probably 


applicable to most alloyed fuels, has 


Two Promising Nonaqueous Processes 


FIG. | 


tesy of Argonne National Laboratory) 
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Volatility processing, like solvent extraction, is designed 
for high decontamination—it removes sufficient radioactive con- 
taminants to permit direct, conventional fabrication—but plant 
would be smaller and wastes more compact. 


the 


and its 


been directed primarily toward 
zirconium types until recently 
versatility has yet to be demonstrated 

Both these processes would probably 
be suitable for ceramic fuels How 
ever, neither appears useful in thorium 
processing (if thorium is to be recov- 
vlequately 


ered) inasmuch as ne 


volatile thorium fluoride is known 

With respect to their potential lor 
the 
favorably 


Volatility 


short-cooled fuel reprocessing 


volatility processes compare 


with aqueous techniques 


reagents are, if anything, less 
tible to 


though the short-cooled fise 


SLING Cp 


irradiation damage, and al 
ion product 
spectrum leads to larger quantities of 
the theoretically more Olatile todine 
and tellurium fission product fluondes 
separation can still be satisfactory 


Low-Temperature Processes 


In the low-temperature Brl 
that of Fy re 
Ub, 


Brk is used as an intermediate due to 


Process, 
the over-all reaction is 
acting with uranium metal to give 


the difficulty of reacting uranium metal 
With Brl 
i liquid 


with fluorine gas direct! 
which can be maintained a 
two atmos 


of about 


rr acily con 


under pressures of about 


pheres and 
120° C, the reaction can be 
trolled. Reaction 
mitted to occur in the 
to the difficulty of removing the heat of 


rapidly 


temperature 


must not be per 


por prtisase due 


prevent 
| he dis 


among 


reaction enough to 


ignition of uranium metal 


solution reaction produce 


other things, bromine and bromine 


which are in turn oxi 


rl 


monofluoride, 


dized with Fy», reforming which 











FIG. 2. 


(Diagram cour- 


Pyrometallurgical processing is one of the low-decon- 
tamination methods—enough of the radioactive poisons would 
be removed to meet reactor reactivity requirements 
tages are small plant and compact wastes; disadvantage is 
costly remote refabrication. 


Advan- 


(Diagram courtesy of ANL) 
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is then recycied to the dis 
Pilot-plant 
irradiated 


operations 
ielded 
nium products decontaminated to 


material have 


degree at least as high as tl 


in conventional aqueous proc 


However, bromine contaminatiol 


the product UF, is still sl 
Construction materials 


yhtly higl 
Proc 
development thus far ha 
design o 


problems of corrosion and 


valves, fittings, pumps, ete lixten 


BiVe corrosion wtucly shave heen 
to find suitable construction 
Nickel and the 


such as Monel, are 


The existing 


materia 
illo 


generall iti 


high-nickel 
tory pilot p 
been constructed 
such materials In part, such 
resulted from the original 
the dissolve with 


inter-halogen 


contacting hot 


and olution 
when an myueou ecg 


plutonium was being con 


af obtained 


ing 


mace 


ints have 
slmost exe sive ol 
a choles 


ntention of 


j 


centered on 





Relative Electropositivities of 
Elements in Spent Fuel 


Separ iho 
appropriats 


re clive tion re 
Pu 
Zi 
Thi 
Mo 
Rh 


Ru 


tedox inappl 


reacting bulk | 

These data are useful for redox reac 

tions used in pyrometallurgical process 
ing. Each metal can replace oxidized 
form (e.g., chloride, fluoride, oxide) of 
metal below it; degree of replacement 
is determined by magnitude of differ 

ence in electropositivities. Volatile fis 
sion products include krypton and 
xenon. Degree to which alkali and 
alkaline-earth volatilized 
depends on temperature and pressure 
of system; under conditions 
these elements may be oxidized rather 
than volatilized. in practice, degree of 
separation is severely limited by diffi 

culty of maintaining fine control in 
pyrometallurgical operations. Sepora 

tion by oxidation-reduction of 
ments below U, Th or Pu is impossible 
without also treating U, Th or Pu 


metals are 


certain 


ele 
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Pu separation. 


has been made on the ‘‘all-volatility 


Significant progress 


process in which plutonium is vola 
the salt residuc It 
demonstrated in the 


tilized from has 


been laboratory 
that, at reasonable temperatures, PuF, 
fluorinated at satisfactory rates 
directly to the Puk, Con 


additional effort 


can be 
volatile 
will be re- 
the 


iderable 


quired however, to master prob 


lems ol and 


the 


maintaining transporting 
conditions 
ntion has yet 
distillation 
those few 
antly 
volatile at the anticipated higher 


material under 
little att 
the 
Pul’s 


fission products that are 


proce +S 
lurthermor 
| actual 


een given to 


separation ol from 
signifi 
more 


operating temperatures 


High-Temperature Process 
I he 


temperature 


high 


Is O 


fused-salt-dissolution or 
volatility 
imilar to the low 
An important 


proce 
course quite tempera 


Lure processes irea ol 
is that two distinct fluorina 
the first being the 
reaction with HF to produce the lower 
fluorides and the the 
vith F, to obtain the volatile UF, 

While J 


both 


difference 
tion ste ps are used 


second treatment 


could perhaps be used in 


view of the liquid salt 


there is 


steps in 
heat-removal medium present 
in undoubted safety ads in the 
dual 


Thhore 


notage 
Furthermore, | 
than HI 
Construction materials. In th 
atistactor 


procedure 
expensive 
proce ilso, selection of 
construction materials | 


High nie 


( pected the immediate choice 


ol paramount 


importance kel alloys are, as 
(fom 
their 


700° ( 


involved in 
the 


plications are use 


however, because of HOO 
temperature of operation and the pres 
ence of the fused-salt 
nar A ’!-type 


pres Ipitation of its contained 


medium, Ord 


nickel is ubjsect to 
carbon at 


rie kel 


content 


the temperatures indicated; “LL 
lower 
not have this disadvantage 
kinds of nickel are highly 
ceptible to intergranular attack from 
4 These 


ersible 


ince it has a carbon 
does 
soth sus 
sulphur-bearing materials 
additive 
Special precautions must therefore be 
taken to the 
ilts and HF in the process 
conditions “‘L”’ nickel 
Mone! 


H istelloy Kk and eopper } ive also been 


effects are and irrey 


utilize only very purest 


Under 
these can be 


used satisfactorily Inconel 


considered 


vessels offer considerable 


Graphite 
promise in the hydrofluorination step 


especially when the heat is introduced 


to the center of the vessel and the vessel 


itself is cooled externally, thus forming 
or liner, 4s 
the 


Graphite’s lack of im- 


i frozen salt laver a corro- 


sion-resistant film inner walls 


ol the 


on 
vessel 
pact strength is a disadvantage and it 
may be necessary to design methods 
for introduction of fuel elements to the 
dissolver that are more elaborate than 
the simple dropping methods currently 
nh Use 
Graphite is unfortunately not satis- 
a container for the fluorina 
Nickel ap- 


promising, although, if graphite is 


factory 4s 
tion step in this process 
pears 
used in the hydrofluorination, it will be 
the fused salts to 


necessary to transiet 


mother vessel before the fluorination 
It has also been suggested 
dissolution o1 


the 


fluorinating 
sel containing fission products 
be discarded after several batches and 


used as the waste-disposal container 
Under these conditions less « X pensive 
materials of construction might suffies 
though operation might be difficult 


No 
to the 


completely satisfactory solution 
dissolver-material problem has 
it et been found It may be possible 


to tolerate relatively high corrosion 
and the resulting rapid lise arding 
the 


the enriched 


rate 


of dissolution vessels in view of 


relatively high value of 
uranium material that can be processed 
per dissolution batch 

Pilot-plant testing of high-tempera- 
volatility is about to 


ture processing 


get underway In all likelihood, both 
low-carbon 


tested 


containers and 


will be 


graphite 
with 
the ad- 


containers 
the distillation 
orption-desorption 

tried with fully 


nickel 
and 
methods 


irraciate d material 


both 


being 


Hazards 


In addition to the usual difficulties 


issociated with handling irradiated 
materials in 
olatility 
the 
handling 
The 
hazardous with respect to explosions 
im the 


t violently 


reprocessing Operations 


processing involves more 


than usual problems in reagent 


and personnel protection 


highly oxidizing reagents used are 
reaction and 


dissolution also 


rea with water (and human 
tissue) 

In the Brl 
protected against leakage accidents by 


disks 
might 


process, all vessels are 


Rupture 
vessels that 


secondary containers 
ire installed in all 
be subject to unusual pressure fluctua- 
Materials escaping through the 


tions 


collected in secondary 
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disks would be 





Accidentally released 


easels 
materials are taken overhead 
rubbing system consisting of a 
iustic solution that hydrolyzes 
olatiles to dissolved 


Volatile 


ell atmosphere are also vented 


aqueous 


process waste and 


through such a scrubbing system before 


discharge and process lines 


PMLSST 


through operating areas are ol double-- 


wall construction 
leak-detection 


Exceedingly sensi 


tive devices are incor 


porated in all important Process VCsN« ls 
the 


Operating areas are enclosed to 


Low-Decontamination Systems 


ipproaches to low decontamina 


tems are discussed here aque 


| pyrometallurgical systems 


DDI stems can only be consid- 


vhere fabrication is not re 
n liquid-metal or aqueous- 
reactors or 2 


OUS where 


to be accompanied by remote 
ition 

ow-DF syste 

the 


include 


ms for hetero 
reactors 


till 


problems ol 
those of «ce 


idequate waste-disposal sys 
While the fission produc ts may 


oncentrated, solid form, the 


ol ofl-gas treatment 


remain 


ones arise with respect to 


ited ¢ ladding processing ¢ru 


1 equipment disposal 


Remote Fabrication 


| remote-refabrication require 


many ramifications. One of 
ipparent is that the fuel ele 
fabricable 
development of the sodium 
hes 


has been closely 


t be er easily 


K bond suse of its relative 
nassociited 
remote 


at this 


reasing interest in 
It seems unlikely 
fuel ele 
MTR could be 
fabricated by 


such elaborate 


ose of the 
remote 
j l¢ il CCODOTI 


power requir 


" 
rel 


burnup and fuel re 


semiremote fabrication may 


dasa minimum measure for 
l¢ This 
hielding and personnel con 


of the 


involves at least 


determining factors 


27 
et 2 | 


buildup caused = by 


rradiation of U2**, which is 
miting factor on the process 
ort-cooled 


uranium materials 


entional AqQUCOUS Processes 


arable problem, though of a 
nature, exists 


vele The if 
thonum 


nore s¢ 


rious 
orium-[ 
products ol 


espe- 


ormation and decay of the 


chain, may well le: to 
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some form ol emiremote handling 


and refabrication if thorium ts to be 


recyé led 
ast 


Effect on inventory. | reactors 


on #& uranium or plutonium evel 


Whil 
2-4 month cooling can partly alleviate 
the need for se 


require large core inventories 


muremote handling, such 


a SAVING 1s obtained at the cost ol even 


higher inventor 


teactors on thorium cycles may re 


harges 


quire semiremote fuel handling under 
would 


least a nuch 


iny conditions but certainly 


require at pre- OF 


the 


post 
separation cooling as in uranium 


“uae For this re may be desir 


ible 


on it 


to go to tely remote fabri 


mniple 


FIG. 3. Fission-product-fluoride vola- 
tilities on which volatility processing 
concept is based. Most are quite 
nonvolatile relative to UF,. Serious 
problem is separation of UF, from fluori 
nating agent (BrF,). Values are based 
on 85-day-irradiated, 100-day-cooled 
Uv.” (Diagram courtesy of Argonne 
National Laboratory) 


cation, whiel much or all of 


the cooling and the wiated charges 


High Processing Cost 


The greatest nul problem lacing 
ID] 


high unitco 


designers of low is the in 
herentl 


Under 


stem 
tol fuel recovers 


optimum conditions om 


would « x pect that no ti insportation olf 


fuel to a processing facility would be 


required it least not to the « 


Ktent in 
lded casks, ets 


binipor 


volving shipment in shi 


Such savings might well become 


greatest extent possible and access 1s 
permitted only under carefully con 
trolled Much pe 


riods of continued safe operation will 


the 


conditions longer 


be required however before salety 
of the 


proved 


approach ean be considered 


but no one has vet been willing to 
the 


tant 


propose ultimate in such savings 

a processing and fabrication facility as 
an integral part of the reactor building 
itself 


ventilation 


Cominon CHuonaIs 


ete Phere 
be little question but that such arrange 


uUsIng storage 


would seem to 
ments will eventually be used, but at 
viacent 


either 


this time transportation to an 


site is usually involved using 


conventional shipping casks or tunnels 


However, as of this date, the costs of 
the processing and refabrication facili 
ties combined are large relative to the 
average daily throughput of irradiated 
fuel re 


feeding a 


Irom a reactor urmatoly 


Com 
he Ip 


Com 


more than one reactor 


mon would 


Proriiine 


processing plant 


late this problem A 


more 


will eventually be found 
between the need for high throughput 
the 


factors involved 


and transportation ind torag 


This problem is of 
course no different from that faced in 
the construction of conventional aque 
ous nuclear-fuel 


plant il 


proce ing 


this time 


Aqueous Low-DF Systems 
At lenust 


luctor & 


low-decontamination 


two 


ystems are now being consid 


ered that would use aqueou ing 

These are associated with 

Homogeneous Reactor | 
the as-vet-embr 

FOB 
In discussing 

should be 


ol two-region re 


pro 
techniques 
the yperiment 
and ele 
Breeder 
theme i it 
remembered that, in the case 


wtors. core processing 


while 
primar LAM) 


‘] fi 


is aimed at reactivit control 


blanket 


ciated with recover 


proce 


SSiliy im 
ol bre ionabl 
material 


Fast Oxide Breeder. 


two-region 


Phe FOB (4 


is reactor with a core 


Kile 
stee!] 


of mixed uranium plutonium 


, 


2-in.-d taint 


of the 


canned in 
alu 
the 


pins In view of the con 


tained plutonium and 


low masse of fuel that muat 


on a daily basis, incent 





eration of a small, integrated, low-D] 
plant are strong. 
and de y 


already 


Preliminary research elop 


ment on such a concept has 


been completed (4), An aqueous 
technique has been proposed in which 
solvent-extraction technique 


Cold 


current 
would be pared to 4 minimum 
experience with preliminar 
ing 
possible to chop fuel pin 


engzineet 


equipment indicat that it 1 


completely 
dissolve and leach the contained mixed 
oxides and transfer to modular, di 
posable, solvent-extraction equipment 
in which partial decontamination can 
The chopel wh teel 


because of its ear 


be obtained 
nique, 


separation 


of diluting inerts, permit 


Regeneration 
of GrFs 


FIG. 4, Alternate volatility processes 


temperature to maintain liquid BrF 


ment of maximum throughputs in 


Ihe prod 
precipit ited 


minimum-sized equipment 
uct material can then be 
fired, extruded and sintered as a pre 
liminary to loading the fuel tubes 
The FOB blanket 
ing of depleted 


probably consist 
uranium, would be 
processed in conventional equipment 
after transportation to a central plant 
This choice is based on the relativel 
low value of contained material and the 
larger quantities to be handled 
Homogeneous reactor. 
for the Homogeneous Reactor Experi 
(HRE-IT) is a 


standard and new techniques (6 


Proce ng 


ment composite ol 


In brief, the homogeneous, heavy 
continu 
thern il 


water-uranyl-sulfat 
ally 
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processed, Significant 


poisons, such as rare earths and corro- 
sion products, are removed by capitaliz- 
ing on the limited solubility, and in fact 
the retrograde solubility in some cases 
of their metal sulfates and oxides 
With small hydroclone separators, it 
is possible to separate the dilute slurry 
formed in the reactor into two streams 
one quite concentrated and one very 
dilute, the latter 
the reactor core 


being returned to 
The heavy 


then recovered from the 


water is 
concentrated 
stream, and the solids, including part 
of the with the 
slurry, are sent to a conventional sol 
The 
of material processed per 

relativel 


uranium removed 


vent-extraction plant quantit 


megawatt 


day is, of course small be 


Fractional 
distillation of UF, 
or 

adsorbtion ~ 
desorbtion of UF, 
on NoF bed 


High-alloyed fuel (highly enriched U) is 
fluorinated in two steps at high temperature 


Low-alloyed fuel is processed at lower 


cause of the concentrated nature of 
the fuel (1 
amount lost per processing pass 


The blanket 


thorium 


) and the relatively small 
probably a slurry of 


oxide in heavy water, is 
processed using modified Thorex tech 
niques. In practice, it would probably 
be combined with the solid discharge 


stream from the core 


Pyrometallurgy 


The pyrometallurgical approach to 
low-DF processing includes a number 
of methods (7). In addition to separa 
tion based on oxidation and reduction 

16), 
fractional 


(table, p. separations may be 


based on distillation, e.g 
plutonium separation from uranium by 


volatilization of plutonium at 1,600° C 


separation by crystallization, such as 
n the dissolution of uranium in molten 
zine or mercury followed by a selective 
precipitation or separation of uranium- 
solvent intermetallics; and liquid-liquid 
extraction methods, such as the separa- 
tion and concentration of bred plu- 
tonium in trradiated uranium by 
contact with molten magnesium 


All such 
herent advantages in addition to those 


processes have certwuin in- 


associated with low-decontaminatior 


processes in general. These are 
effects on 


considerably 


1. Irradiation 


prot CSS 


reagents are less severe 
than in solvent extraction, 

2. Waste-disposal operations are sim- 
plified due to the 


form in which the fission products are 


more concentrated 
discharged from process streams 
3. Criticality problems are lessened 
ibsence of large quantities of mod- 
erating materials 
4. The 
pact 


processes are inherently com- 


In an extreme volume 


case 
reduction of 80:1 is observed in com- 


parison with a process using uranium 
iqueous solutions 

Because of the de range of possible 
techniques required if a process is to be 
tailored’’ to a reactor 
cept, it 
two experimental 
Reactor (EBR-II) and the Liquid 
Vietal-Fuel R LMFR). 

EBR-ll. The KE BR-II, a fast reactor 


is perhaps a perfect case in point. The 
core of the EBR-II will initially consist 


spect con- 


will be appropriate to examine 
CUSCS the Sreeder 


eactor 


of highly enriched uranium alloy tmate- 
steel with Nak ag 


heat-transfer medium Au 


rial clad in stainless 
a bonding 
element will consist of a large quanti 
of small fuel pins 

\ fast reactor is peculiar to 
pyrometallurgical process a 
the first type for which su 


This suitability 


procs 
is proposed 
the relative insensitivits oj 


Prom 
reactors to moderate concentrations ol 


fi » products that would be sig- 
nifeant poisons in thermal reactors 


In the EBR-II 


generally, the core inventory of fission- 


as with fast reactors 


ible material is very high and as such 
there is a premium on minimizing the 
tied up in the 
Actu- 


separating com- 


amount of material 


processing-refabrication cycle 
ally, the difficulty of 
pletely the low electropositive elements 
from the reprocesst d uranium could be 
Recent 


evidence indicates that these elements 


an advantage. experimental 


assist in maintaining the structural in- 
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ty of high-U-alloy fuel elements 
ler irradiation 

proposed processing scheme for 

ore follows rather closely the oxi- 

on-reduction approach mentioned 

ce! Magnesia or zirconia crucibles 

the 


themselves 


he used for wall 


erial of the 


processing, 
crucibles 
ng as the oxidizing agent. 

the 
products, uu 


ontrol build up of low- 


opositivity fission 


ff of material will be re- 


core 
If they build up too fast, a 
devised technique (7) for their 
may be considered, In it, 
zinc is used as a dissolvent for 


iranium-fission product stream 


emperature adjustment, it is 
ble to separate a relatively pure 

Zr compound from which zine can 
then be removed by distillation. 
With continued 


reactor, the 


the 
initial charge of U** will 
with the Pu 
produced in blanket. 
Howe affect 


the core reprocessing operation due to 


operation of 


he replaced 
the 
er this will not seriously 


Pradgauaily 


breeding 


the relative positions and similarity of 


uranium and = plutonium compound 
stabilities as shown in Fig. 5. 

Present thinking is that plutonium 
bred in the blanket can be separated by 
i liquid-liquid extraction 
At present, this 
<traction of plutonium from a molten 


blanket 


magnesium 18 4@ 


technique. 


Is envisioned as an 


chromium-uranium 

Molten 
extractant 

distilled 


satis- 
sub- 
the 


and can be 


sequently away from 
plutonium 


LMFR. The LMFR 


uranium dissolved in molten bismuth 


uses a core of 
Inasmuch as it requires no refabrica- 
the 
application of 


tion, it represents ultimate and 


most obvious pyro- 


metallurgical reprocessing. 


In this reactor, which will use the 


thermal thorium-uranium breeding cy- 


eutron economy 18 again quite 


because of the relatively low 


ol neutrons produced per 


The continuous removal of the 


products, especially xenon and 
“rease 
rhe 


over-all 


can significant! a 
all thermal poison. ng 
ilso adversely affecis th 
temperature corfficient of 


des'rable from a 


which j 
salety viewpouat, 
wssibilities are cur- 
both of 


in that they envision con- 


) processing | 


inder investigation, 
inique 


us processing ol the reactor core 
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Both systems propose xenon removal 
The 


than 


by inert-gas sparging fission 


products more active uranium 
the 


with an 


can be extracted by contacting 


uranium-bismuth solution 


exactly equivale nt amount of uranium 


chlorice 


being carried in a mixture of inert salts, 


or bismuth these oxidants 
All fission products more reactive than 
the salt 
bismuth that 
has been displaced from the salt enters 
the 


thus either diluting or enriching as may 


uranium are transferred to 


phase; the uranium or 
solution, 


uranium-bismuth core 


be desired. Such a system requires 


careful concentration control, and in 


practice provision lor recovery ol 
uranium chloride from the salt phase 
would be required, A variation has 
been proposed in which such fine con- 
trol is not essential 

An entirely different scheme has re- 
cently been suggested for the core of 


the LMFR It is a 


conventional oxidation-reduction tech- 


combination of 


nique with electrochemical and volatil- 


ity processing. In this case, the core 


material would be contacted with a 
fused-salt mixture that has previously 
been saturated with hydrogen fluoride 
Under controlled condi- 
the 


fission products would be converted to 


temperature 
tions iranium and the more active 
fluorides and dissolved in the fluoride 
salt medium. This 
be on a batch basis 
The molten salt 
sparged with fluorine as before and the 


treatment would 


mixture would be 
volatile uranium hexafluoride treated 
hydrogen gas and 
tetra- 
bath 
The previously stripped bismuth would 


with an excess of 


then introduced as uranium 


fluoride into a clean fused-salt 
now be used as a flowing metal cathode 
into which the uranium could be elec- 
trolytically the 
bismuth stream would be returned to 
the that this 


processing proposal utilizes several of 


reduced after which 


core It can be seen 
the nonaqueous approaches 

Thorium and ceramic fuels. In the 
event that thorium or perhaps ceramic 
fuels become more popular in future 
heterogeneous reactors, the applicabil- 
ity of pyrometallurgical reprocessing is 
somewhat less clear 

As has already been pointed out, the 
extensive use of thorium fuels implies 
the development of at least semiremote 
The 


extension of pyrometallurgical meth- 


fabrication techniques obvious 


ods to such fuels has long been con- 


sidered but has been regarded until 


recently as somewhat unlikely because 
of the much higher melting point of 
thorium metal and thus the presumed 
higher operating temperature required 
for processing. Recent developments, 
however, indicate excellent potential or 
electrochemical separation methods 
operating at lower temperatures, per- 
haps in the area of 700° ( 

that 


suggested is the utilization of one of 


Another possibility has been 
the lower melting thorium-metal binary 
the 


By proper adjustment of 


alloys, e.g., thorium-magnesium 
system (3) 
temperature and concentration varia- 
bles in this system, it is thought possi- 
ble to separate essentially pure uranium 
from the thorium metal in which it has 
been bred After separating the mag- 
nesium, the thorium would presumably 
still 


point, 


have to be cast at its melting 


The application to ceramic fuels is 
In the 
work 


a possible technique 


somewhat less obvious oxide 


system very preliminary has 


indicated how 


ever, Under certain conditions, ura 


nium oxide can be reduced with a 


magnesium-zine mixture (4) Con 


ceivably, the uranium metal could now 
be separated in the usual way and then 
vo At this 


no thought 


reoxidized to early 


stage, however has been 
given to problems of refabrication of 
oxide elements other than those for the 


FOB 


cited, the 
heavily on othe 


In addition to the eferences 


author has drawn papers 
presented at the Sympomum on the Reproceas 
ing of Irradiated Fuela held at Bruasela 
Belgium Vay 10) 2b 1464 The 
pomum proceedings were 


T1D-7634 hy the ft Ss 


Clommiasion 


aym 
published aa 


fiomic Energy 
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Remote Fuel Fabrication 
—How It Was Done for EBR-II 


Remote refabrication of irradiated fuel might lower fuel-recycling costs 


by permitting shorter cooling periods and simple reprocessing. 
Such a fabrication system has been designed and engineered for EBR-II 


By ARTHUR S. SHUCK 


irgonne National Lahoratory, Lemont, [llinoi 


se -Inside wo 


Safety 


Standard 
Furnace 


Mold tubes 





Induction coil 


“ Quick melting 
metallic seal 
‘ 
y, - ry, 
W000 IN OS i 


7 


4-9" 
approximate 


Gas pressure 
line 





Vacuum pump 


FIG. 1. Injection-casting furnace for making EBR-II fuel pins. With furnace under 
vacuum, crucible containing melted fuel material is raised on ram until metal covers 
bottom of mold tubes. Ram actuates switch, which turns off vacuum system and turns 
on pressure system to force metal into molds 
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STUDIES OF REACTOR ECONOMICS indi- 
cate two cost-reduction possibilities 
that have not been fully exploited—the 
reduction of fuel-inventory costs by 
hortening or eliminating the cooling 
veriod required prior to processing and 
the reduction of high costs of decon- 
tamination to human-tolerance levels 
To achieve both goals, it has been pro- 
posed that the fuel be processed only 
enough to remove major fission-product 
Polsons 

We consider here some practical 
aspects of the remote-fabrication meth- 
ods for such partially decontaminated 
material, The fabricating system de 
eloped for the EBR-II fuel rods 
which is based on these considerations 


l ilso deseribed 


Basic Considerations 


The development of remote-con- 
trolled methods of reprocessing and 
refabricating reactor fuels must be 
ustified on an economik basis. There- 
fore, any such process will have the 

lowing aims 

Reduction of the total fuel inven- 

by the elimination of, or shorten 
of, the cooling eyele prior to 

sing 
. The elimination of the chemical- 
very plants required to bulk 
process the reactor fuel 

3. The development of simplified 
processes that will reduce the cost of 
both equipment and manpower! 

4. Reduction of handling costs and 


the elimination of shipping costs by 
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sing and refabricating the reactor 
it the reactor site, perhaps within 
primary reactor shield 
The reduction of radioactive- 
storage costs through the produc- 


f small 


volumes of fluid wastes 


volume, dry wastes rather 
rg 
1 process removing only part 
fission elements, the balance of 


elements not removed will 

a stable equilibrium composi- 
ifter several cycles of equal irradia- 
ind reprocessing. It has been 
that the 
hard and somewhat 
difficult to 
The 
ition process must be capable of 
this 
the 


require- 


fission-alloy 


perience 

tions are 
ind are generally 
onventional methods. 


ng precise from 


ental 


shapes 
that 
physical 


alloy will meet 


irgical and 

| the reactor 
gher burnup of the fuel alloy 
ed with shorter reactor cycles 
ition levels in any process cell 
The 


of fabrica- 


me progressive ly higher 
of the fission alloy 
ler conditions of intense irradia 
eniautomatic equipment and 
operating, maintaining and 
replacing this equipment re- 
lresh approa h to the practices 
processing and equipment 
Both the the 


nt must be greatly simplified 


processes 
entally, one of the more diffi 
itures of equipment design for 
operation is a human one—to 
gner to those design 


that 


forget 
ntions are entirely imposed 
hinery by the limitations of 
inatomy It is for this reason 
pulators and equipment con- 
that look 


equipment de- 


be designed and 


like similar 


for manual operation 


The “Hot” Material 


kach gram of a typical fast-reactor 


d at ~1'¢% burnup and 
or 15 days before reprocessing 
ite gamma rays approximately 
eure ot 


as intense as one 


Pyrometallurgical processing 
16 of this issue) may reduce this 
, or 14. If reasonable-sized 
ire to be processed, these are 
intense radiation sources 
radiation one foot from a 10-kg 
f this fuel will have an intensity 
10° r/hr. The 


mm within work 


background 
the 
cell handling this material will 
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areas ol a 


local 
radiation 
this 


be 10*-10° rhr with 
much more 
Massive 


compact 


zones ol 
intense 
material o1 
fuel 
heated by self 
The total heat 
generated increases not only with the 


Increase 1 TLS but also with in reased 


pieces ol 
assemblies of reactor 
elements are intensely 


absorbed radiation 


absorption as larger masses are assem- 
bled A 6-kg 


in close-packed 


issembly of small rods 


irray with 


mh pie king 


density of approximately 50% gen 


erates heat at a rate of ~0.4 watts gm 
Forced 


provided whenever 
of the 


must therefore bn 


cooling 


massive quantities 


metal ure worked on The 


oils are damaged by 


Lubricating 
10°-10° roentgens Provision must he 
the oil 
bearings or, where grease is used the 
that 
old 
the 


made to pump through the 
ck signed 
the 


certain of 


bearings should be so 
grease flushes 


Unfortunately 


Incoming out 
greens. 
components of oils and greases tend to 
cross-link and to harden while others 
cracked to volatile 


This creates a 


are substances, 


particular problem = in 


the lubrication and sealing of mechani 


cal vacuum pumps Equipment to 


operate in the immediate vicinity of the 


process material should work without 


lubrication or with a dry lubricant 















































FIG. 2. 


Uranium castings made by injection-casting. 


Castings were made in graphite 


washed glass molds (bottom group), magnesium zirconate-washed molds (center) and 


unwashed molds (top). 


Uranium was cast at 1,340" C into molds at 450° C and 45 psi 


Best results are obtained with graphite-coated molds 


eflect also makes an inert 


atmosplhe re 


heating 
necessary to protect sur 


faces and to prevent metal fires 


Remote-Equipment Design 
The 


radiation damage 


make 


problem to be con 


high radiation levels 
sidered in the design of process equip 
ment process cell 
Organic materials. Rubber 
prene and polyethylene are damaged at 
10’—10" 
cell 


last only a few hours 


used in the 
neo 
ind 


rocntgens in our 


with 10°%r/hr 


process 
background, will 
Plastic 


bearings, gasketing 


seals on 
vacuum equipment 
must, therefore 


for pipes and v 
be avoided or provision must be made 


to replace them at intervals 


Optical glass. ven the best non 
browning optical glass will lose 


hort 


trans 
periods ol titne 


tly to the 


parency in 
Optical systems exposed direc 
fuel, such as inspection periscopes and 
should be 
It may be nece 
with shield shutters to 
useful life or to make the 
of the 

Electrical equipment. 


electrical insulation will be damaged in 


MAICTORCOpes mirror optres 
ssary to equip window 
prolong the 
front layer 
replace ible 


(on 


windows 
entional 
high radiation 
Mineral-insulated 


unig & 


a few hours in the 


environment con 
ductors and cables of the type 
compacted magnesia insulation in 4 
swaged copper or steel jacket are satis 


found 
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factory, provided a way may be 





to pot the ends without the use of 
organic materials 

electrical motors are 
not satisfactory they 


It 1s possible that the new 


Conventional 
unless can be 
shielded, 
class C motors will be satisfactory from 
the radiation standpoint one 
worked out 


opera 


have been 


bugs 
Some experimental work has been done 


tional 


in the design and construction of elec 
transformers 
with i he L\ 


tric motors and using 


aluminum conductors 
anodized coating insulation 

The highly ionized atmosphere in the 
process cell will no longer be a good 
Difficulties with 


commutators, and slip-rings from spark 


insulator. switches 
ing and corona effects can be avoided 
by using multiphase-induction motors 
Corona-like effects have been seen at 
much lower voltages than will be visible 
in air. Very preliminary experiments 
at 10° r/hr have indicated that it may 
not be possible to operate the electrical 
equipment at 440 volts although both 
220-volt 110-volt 


pears to be satisfactory 


and operation ap 


fJecause of 


its higher ionization potentials, helium 
may be preferable to argon as the cell 
atmosphere. 

Atmosphere purification. 
ous purification of the atmosphere is 


Continu- 
necessary to compensate for the air 


introduced with materials and for 
minute leakage into the system. 
Oxygen can be removed from argon 
by catalytic reaction with hydrogen 
The argon 


other 


and adsorption on driers 


can be purified of the gases 


He- 


lium can be purified by adsorption of 


by liquifaction and fractionation. 


oxygen, nitrogen and other gases upon 
activated carbon or upon another ad- 
sorber such as silica gel, alumina or the 
synthetic zeolites. The total impuri- 
ties in the helium can be reduced to 
below 100 ppm by this method. 

Safety requires that the process cell 
be at a slightly negative pressure with 
respect to the room atmosphere to en- 
sure that leakage will be inward. In 
order that the purifying system need 
not be too large, the process cell must 
be as leak tight as possible. 


MANUFACTURE OF EBR-Ii FUEL PINS 


fuel for the 
Reactor II is in the 
0.144 0.001 in. in 
and 14,22 in These 


tubes 


The 
Breeder 
cylindrical 


| xperime ntal 
form ol 
rods 
diameter long 
are enclosed in stainless-steel 
with a 0.006-in., sodium-filled annulus 
between the fuel rod and the tubs 


After 


moved from the tubes and pyrometal 


irradiation, the pins are re 


lurgically processed to remove the 
volatile and easily oxidized or 
slagged The 


tion of the processed equilibrium alloy 


more 
constituents composi 
is given in the table 

A uranium-base alloy of this com 
position was found to be hard in the 
iS Rockwell C), 
It cannot be worked in the 
300--600° C as can uranium 
reduced by rolling at 800° C 


as-cast condition (46 
range olf 
It can be 

Above 
this temperature, the metal appears to 
be somewhat brittle 

Several methods were considered for 
fabricating this fuel 
wire fabrication was ruled out because 
of the lack of ductility 
plexity of the process 


Conventional 
and the com- 
Powder metallurgy was considered 
However, we looked with distaste at 
kilo- 


explosive ly 


the prospect of handling many 
grams of thermally hot 


pyrophoric, intensively radioactive 
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metal powder in the process cells 


Finally we developed a successful 
method of precision-casting fuel slugs 
for the EBR-I. The EBR-I castings 
are about 4 in. in diameter by 344 in 
long with a diameter-to-length ratio of 
| to 10. The 


diameter-to-length ratio of 1 to 100) 


long slender shape 
gave practical difficulties in the cen- 
trifugal casting process and the ma- 
chine required was somewhat complex 


for remote operations 


Process Requirements 


A fresh approach was needed 
eral requirements were apparent 

1. The process should have a mini- 
mum number of operations 

2. Subassemblies must be replace- 
able as units with a minimum of assem- 
bly and adjustment in the cell 

3. Routine 


mechanized, 


operations should be 
Manipulators should be 
used to service the equipment and to 
perform nonroutine operations. 

4. Mechanisms, locking devices, fas- 
teners and clamps should be designed 
for simplified one-movement operation 
adapted to the manipulator capabilities 

5. The construction materials should 
be radiation resistant. 

6. Auxiliary 


equipment should be 


shielded from direct exposure, to th 
that 
mechanical drive units 


radioactive fuels so vacuum 


pumps, valves 
and electric motors may operate under 
low-level radioactivity conditions. 

7. The 


signed for total replacement to allow 


equipment should be de- 
complete flexibility of processes. 
8. Since the really 


available 


only powerful 


movers within the process 
cell are bridge cranes and vertical-lift 
should 


mechanisms, all equipment 


disassemble in the vertical direction. 
Precision Casting Selected 
Precision casting was selected as the 


method — of The 


method proposed was a simplified non- 


greatest promise. 


mechanical injection-casting process 


using the pressure of an inert gas 


helium or argon) plus the inertial 
effect of the moving metal to fill the 
mold. This method was as follows: 

1A 
melted 


pressure furnace. 


shallow crucible of metal is 


under vacuum in a vacuum- 
A cluster of tubular 
molds, with the top ends closed, is sus- 
pended above the crucible with the 
open ends pointed down toward the 
metal bath. 

2. The crucible is raised, immersing 
the open tube ends in the liquid-metal 
bath and the furnace is simultaneously 
pressurized with inert gas to several 
atmospheres. 

3. The gas pressure forces the molten 
metal into the mold cavities. 

A schematic drawing of the equip- 
ment is shown in Fig. 1. The furnace 
bell is sealed to the furnace bottom by 
i solder-freeze seal. It is held against 
the internal pressure by a cam-acting 
clamping ring and is designed to with- 
stand an internal pressure of 11 atmos- 
1-ft-thick 


which rests in a recess in 


pheres. It is mounted on a 
shir ld block, 
the process-cell floor above a shielded 
The furnace bell is convee- 
that its 
does not normally go above 200° ¢ 


pit area 


tion cooled so temperature 


The crucible is mounted on a ver- 
tically acting ram, which in its lower 
position centers the crucible in a solid- 
conductor induction coil and which 
may be raised to either of two positions 
above the induction coil by the action 
of a double-slide pneumatic cylinder 
located shield 


The ram acts as a solid shield- 


assembly below the 
block 
ing plug where it passes through the 
shield block. It is 


below the shield where it is protected 


vacuum sealed 


from direct radiation exposure. 
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The shielded-pit houses all 


equipment of questionable radiation re- 


area 
sistance, including the vacuum pumps, 


electrical components, solenoid-oper- 


ated valves, accumulators, lubricated 
gear reducers and other equipment 
requiring organic or radiation-sensitive 
materials. This equipment is mounted 
frame, which is attached to the 
bottom of the shield block and is lifted 


out of the pit with the shield block for 


on a 


The equip- 
the 
item of 
the 


servicing or maintenance. 
pallet 


lrame 


ment disengages from 
and each 
be lifted free by 


operation of simple cam keys. 


supporting 
equipment may 
The molds are nonpermeable refrac- 
tubes closed at one end and sus- 
the 
1%,-in.-diameter holder 


tory 


pended pen end down above 
crucibie In a 
that can hold a maximum of 99 rods. 


The prec 


tubes are 


ision-bore, high-silica-glass 


coated on the inside with a 
jidal-graphite wash. These are 


ercially produced as precision- 


wore tubing with a bore tolerance of 
0.0005 in \ 
! e low 


The wash 


yeor tubing was found 
resistance to mechanical 
colloidal-graphite 
separates the metal from the 
ere the wash coating is im- 
reaction layer forms between 
ind the metal, which causes a 
iwhening of the casting surface. 
coating has been applied 
the cast surface is extremely 


d gl iss like 


diameter are 


Tolerances of 
produced in 
the castings 


ire shown in Fig. 2. 


mately 96% ol 


of the furnace holding the 
s independently heated by 
The 
t heat radiation from 
shield, 
swings out of the 


- heater molds are 


from direc 


le by a tantalum 


itutomatically 
| 


the crucible is raised. Power 
nduction coil is supplied by a 
onal high-frequency generator 
of the shielded area, 
harge is melted 


is supplied by a modification 


under high 


entional high-vacuum pump- 
the 
e vacuum chamber, they are 
lated 


Since molds are 


The high-vacuum sys- 
tem ved off immediately before 
and the furnace 
by the 


vacuum 15 


pouring 
mechanical pump 
Pressure is supplied from an 
lator tank. 

way selector valve connects 


rnace either to the mechanical 
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the 
excursion ol 


pump accumulator tank. 
The the upward 
raises the molten-metal level above the 


or to 
ram 


lower end of the tubes and trips a snap 
switch, which moves the selector valve 
from the vacuum system to the pressure 
system. The sudden increase in pres- 
sure forces the alloy up into the tubes. 





Caiculated Equilibrium Composition* | 
Element 


Zirconium 
Niobium 
Molybdenum 
Technicium 
Ruthenium 
Rhodium 
Palladium 


Total 


*5 w/o new metal Llements present in 
listed 

t Composition values, calculated by I. G 
Dillon, are taken from an Argonne Ne 
Laboratory Internal Memorandum 


Sept. 11, 1956 


quantities > O01 ire 


tional 


dated 





An analysis of the gamma-radiation 
the 


number of pins to be cast at one time 


healing effect has indicated that 
will be limited. The central-pin equi- 
libriurm temperature of a furnace pallet 
of 99 100° F. The 
furnace will be a batch 
to the ‘third 
charge prep- 


pins was over | 
operation 
operation and, contrary 
preliminary requirement 
aration, loading and unloading of the 
furnace will be by manipulator. 

After cooling, the castings, while still 
transferred to an 


in their tubes, will be 


inclined feeder. This device will feed 
the pins between two concave, rough- 


break the 


fragments from 


glass 
the 


ened rolls, which 


into small away 
castings 

The castings will then move out be- 
neath an inspection periscope A 
selector device operated from outside 
of the cave the 


either to the scrap chopper or on to the 


will move castings 
cutting operation 

The acceptable castings will pass into 
a double-blade shear, which will simul- 
taneously crop top and bottom of the 
casting, leaving a pin 14.22 in. long. 

After shearing, the castings will be 
moved by the transfer device through 
the inspection station, where they will 


pass through pneumatic gaging devices 


measuring their diameter and length, 
across the suspension of a semi-auto- 
they 
nearest 10 mg 


balance, where will be 
the 
finally under a reflection optics peri- 
will be in- 
other 


with 


matic 
weighed to and 
scope, where the surfaces 


spected for porosity, laps or 
that 


liquid metal 


interlere 
The 


ment castings will then be inserted into 


conditions would 


bonding fuel-ele- 
a rotarv-magazine of fuel tubes, which 
will fit the tube-welding machinery for 


the jacketing and bonding operations 


Conclusions 
While the 


operations 1s 


foregoing sequence of 


much simpler than is 
required for conventional wire-making, 
that it still fur- 
ther simplified. I-xperiments are un- 
the fuel directly 


into refractory-metal jacket tubes and 


we feel should be 


der way on casting 


forming a direct diffusion bond layer 


between the tubes and fuel alloys 
Other 


posed in which the fuel is refabricated 


reactor cycles have been pro 
by more conventional equipment within 
hot process cells It has been proposed 
that plate-type fuel assemblies be fabri 
cated by conventional ingot casting 
and rolling practices using conventional 
rolling mills with special adaptions for 
beheve that this 
successful but that a 
hould be 


to the design of the equipment so that 


remote operation I 


can and will be 
great deal of attention yiven 
maintamned in operation \ 
should be the 
operations of removing and reinstalling 
that ma 


it ean be 


pre-analysis made of 


every part require tain 


vould be 


equipment 


tenance or replacement It 
highly desirable for the 


designers to actually carry out some of 
the operations in repairing equipment 
by remote-control procedures in order 
that they some of the 


the ™ 


may experience 


limitations of working under 


conditions, Often, very simple man 
ual operations are impossible to do by 
manipulator, requiring a basic change 
in the equipment design 

The foregoing remarks are not in 
tended to discourage the designers of 
power reactors from considering re 
mote reprocessing and refabrication as 
a method of lessening the cost of the 
We believe that it 
is a necessary part of the fast-reactor 
As satisfactory methods of 


and 


reactor fuel evcle 


fuel evcle 
reprocessing refabricating are 
developed, it may become a part of the 


thermal-reactor cycle 
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Gos 


Woter 
source 


FIG 1. lodine-separation 


IN HIGH-FLUX, WATER-CO¢ 


detection of fission-prod 
coolant streams is aninmy 
of finding fuel-element { 


ex perrence has indicated 


of systems normally ery 


purpose, This has led 
ment of a new fission-p 
exhibiting nearly ideal 


It uses continuous isol 


produet iodine by ion-exch 


and gamma-energy discr 


1) and thus responds ¢ 


to S6-sec I!) S4-min | md 6.7 the source of fission products once thei which can result in contamination of 


jis 
This offers the advatr 
response to short-lived | 
Thus the system menst 
taneous production rate 
time is limited only b 
system The use of 
integrated on an anio 
achieves sensitivity 
tude above direct-stre 
Operational experience 


of monitor has indi 


response to non-fission-t! 


ground activity and me 


quate sensitivity for tl 
fission products 


Other fission-product 


we have develop a ure 
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Flow meter Glass - wool 








Flow controller 


monitor has cation resin to remove solids and long-lived activities. Discrimination against low-level 


Fission-Product Monitoring 


At the MTR burst fuel is detected by recognizing fission-product 
iodine. Filtering through a cation resin and low-energy-gamma 


discrimination makes the test specific for iodine isotopes 


By R. L. HEATH 


I’) p / ('o.. [Idaho Fall Idaho 


box on p. 56 They include a delayed nswer to the first question-—are 
u ctivi neutron monitor and a differential ion products present in the coolant? 
ortant method gamma monitor using direct-stream Background radiation. The prob- 
uilure MTR vamma detection with energy dis lem is best described in terms of a 
the limitation crimination The differential gamma signal-to-noise ratio,”’ the noise being 
loved for tl monitor is less sensitive than the iodine the radioactivity due to both irradia 
to the develo; monitor, but it does not require chemi tion of trace amounts of material intro 
roduct monitor cal-separation techniques The de duced into the water stream and the 
characteristi layed-neutron monitor is not sensitive entrance of radioactive nuclei into 
ition of fissio enough for routine detection of fission the stream from structural materials 
} 


tip 


products but because it detects short Phis problem is further compli ited 

mination y lived emitters it may be particularly by deposition of radioactive material 

entiall mn! uitable in some reactors for locating on the surfaces of the water systems 
presence is dete ted tream-type monitors The sensitiv 

tage of unique p . ity of any detection system that relies 

ion product Monitoring Problem on an indication of radioactivity asso 

ires the instan Che two major problems encountered — ciated with fission products will depend 

ind response n monitoring tor fission pi xlucts in a then on the ratio of gross-fission prod- 

transit in the reactor coolant stream are (a) the de uct activity to background unless some 
tection of fission products and the ineans is provided to increase the rela 
determination of the instantaneous _ tive sensitivity to fission products 
production ‘rate in the system; (b An examination of possible criteria 
the location of the source of these fis for positive identification of fission 
sion products. The best solution to product activity in the presence of 
one of the se problems is not necessarily backgrotind indicates the following 
applicable to the other In a reactor possibilities 

than acl such as the MTR with high-integrity ® Detection of delayed neutrons 

1 detection ol fuel and a core composed of a small ® Gamma-ray spectrometry 
number of elements, the second prob @ Detection of high-energy fission 

monitors that lem is not so formidabl For this product beta particles or Cerenkov 


cussed in the reason our emphasis has been on the radiation 
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Anion exchange column (or water chamber ) 











Scintillation detector 





gammas limits effluent count to activity of fission-product iodine. Anion column accumulates iodine. Result is sensitive system for 


in Reactor Coolant Water 


olation of one or more tion depend on the revious irradia ® Gamma spectra ol short-lived fission 


icts, on either a batch or tion history of the f ionable source products to le expected with the time 
material, the time del ifter irradia delays required for operational moni 


of particulate matter tion, and the fissior ields for the — toring systems 


i products can be assumed various nuclice consideration ® Fission product evolution from fuel 


For our purpose ufficient to ifter exposure to the water stream 
f gaseous fission products determine — the @ Distribution of fission-product activ 
make use of three of gross-fission-produ i tis ities in the water system after entrance 
lated to the vrformane of the into the stream 
various possible monitoring systems After considering several possibilities 


Fission-Product Activities To establish the feasibility of the among the major fission products we 
methods for improving the — feel that the most favorable monitoring 


“I 


erstand the response of any possible 
the addition of fission signal-to-noise ratio in fission-product method is detection of the iodine frac 

general character of detection, the following major points tion since 

radiation must be con have been investigated @The chemical procedure for separa 

relative abundances of ® Methods for radiochemical isolation tion of iodine from gross fission prod 


des at the point of dete of fission product ucts is simple and reliable with high 





—— 

















Pulse Height (Mev) I Pulse Height (Mev 





FIG. 2. Gamma spectrum of iodine fraction separated from FIG. 3. Spectrum from anion resin. Its decay is used to estab- 
irradiated uranium (dotted) is closely similar to that of cation- lish irradiation history of fission-product source after a fuel rup- 
resin effivent (solid) ture is discovered 
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decontamination factor and chemical 
yield.* 

@ldentification of the presence of any 
of several iodine isotopes is a unique 
indication of fission-produs t activity 
@lodine activities of interest are high 
on the fission-yield curve 

oA spread in half-lives from 86 sed 
to & days offers some possibility of 
analysis to determine previous irradia 
tion history. 

@Physical properties of iodine insure 
its release under all proposed mechanics 
associated with fuel-plate rupture 

@ Iodine is not absorbed or plated onto 
the metal surfaces of the reactor water 


system, 


lodine Monitor 


To gain a thorough understanding of 


the fission-product iodine activities, we 


monitoring system presently used at 
the MTR A side stream from the 
main reactor coolant loop is passed 
through a glass-wool filter? to remove 
solid material and then through a cat- 
In the aluminum MTR 
system the cation bed removes virtu- 


ion resin bed, 


lly all activity in the absence of 
fission products. In the presence of 
gross-fission-product activity, the cat- 
ion-bed effluent contains only fission- 
product molybdenum, technetium, tel 
iodine and gas 


lurium, bromine, 


activities, This offers a unique indica 
tion of fission-product activity in the 
coolant stream 

Several alternative methods are 
available for detecting fission-product 
gamma activity in the cation effluent 
These include the detection of gross 


activity in the water stream or in the 


viewed by a gamma detector with a 
suitable shielding arrangement to re- 
duce the background. 


Activity Accumulation 


The advantage of observation of 
accumulated activity on an ion column 
is that it affords detection sensitivities 
for fission products orders of magnitude 
above those to be expected by direct- 
stream measurement This method is 
worthy of consideration in cases where 
dilution factors are large yet high 
sensitivity and selectivity are major 
considerations 

Response time. The half-lives of 
the detected nuclides and the transit 
time in the stream are the most impor- 
tant factors in determining response 
time Observing the nuclides collected 


by an anion column under the condi- 


made gamma spectroscopy studies of 
the gross fraction as 
vidual isotopes and learned about the 
general distribution of radioiodine and — in Fig 


its precursors in the reactor water 
system. 

Figure 1 is a block diagram of the 

The anion bed 

*L ki. Glendenin 4 ig Metcalf in 

* Radiochemical Studi The Fission Prod 

ucts,’ C. D. Coryell, N 

(MeCiraw-Hill Book Co., New York, 1951 


materials absorbed in an anion column 
well as the indi used to increase sensitivity. 
accumulated-activity 
1, the cation exchanger is fol- 
lowed by an anion 
anion bed can be replaced by a water of the 
chamber if accumulation is not desired 


chamber is then 


t Note added in 


Sugarman, ed filter has been replaced hy 


proof The glass-wool 


i later version of the apparatu 


tions described, we see a distribution of 
In the half-lives extending downward from 
monitor shown | s 8.0 days. The lower limit for 
response time is established by the 
resin bed. The — transit time to the column. Inspection 
gamma spectrum yet fission 
products collected by the anion column 
and the spectra of the separate activi- 
ties shows that energy discrimination 
5 genes Bikes tn will allow rejection of the long-lived 
activities 


Two Other Methods for Fission-Product Detection 


In addition to the iodine-separation method, two 
others have been developed for fission-product monitor- 
ing. The differential gamma method is usable in test 
loops where chemical-separation techniques are incon- 

nt. The delayed-neutron method will be useful 
when locating the source of fission products becomes as 


big a problem as detecting their existence. 


Direct Gamma Monitor 


The differential gamma monitor of Fig. 4 is free of 
chemical-separation complications. It consists of two 
detection channels and an output that is proportional 
to their difference. One channel responds essentially 
to N'*, which dominates the background count in the 
absence of fission products. The other channel re- 
sponds to that portion of the fission-product spectrum 
that offers the greatest signal-to-noise ratio. 

Development studies. To investigate the possibilities 
of this approach to the problem it was necessary to 
investigate the general character of the gross-fission- 
product gam spectrum at short times after irra- 
diation. To establish 


investigation it was decided to simulate an alloy-fuel- 


realistic conditions for this 


plate rupture with MTR-type fuel and observe the 
fission-product gamma spectrum in the effluent water 
stream, 
for operation in a high MTR flux. 


were simulated by inserting a ‘4 x ‘¢-in. section of 


56 


A fission-product test facility was designed 
Rupture conditions 


unclad MTR fuel plate into the reactor with means 
provided for external observation of coolant-water flow 
past the section. A second, identical tube containing 
no fuel was provided to allow a direct comparison with 
the normal MTK process-water activities. 

Spectral data were obtained for delay times varying 
from 10 see to several minutes by variations of the 
holdup time of the system. The fuel section employed 
had been irradiated in the reactor for several hours. 
The shape of the gross spectrum of the process water 
for short delay times, predominantly due to N'*, is 
independent of delay for times up to | min. Thus one 
can use the N'° level as a background signal. 

Comparison shows a maximum ratio of fission- 
product to background activity in the energy region 
from 0.7 to 1.5 Mey 


Thus, by observing gamma radiation in this region, 


nearly independent of delay time. 


some improvement is obtained in the signal-to-noise 
ratio over that to be expected by observation of gross 
activity. 
Disadvantages. Among the major operational dis- 
advantages of this approach have been response to 
abnormal non-fission-product activity and gradual con- 
tamination of the water chambers with long-lived 
background activities requiring frequent service. The 
foremost objection, however, has been the electronic 
complexity of the basic approach. The equipment 
is complicated, and adjustments of the 
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i simple level discriminator is em- 
to reject all pulses due to 
as below 800 kev, this limits re- 
to the high-energy gammas 
by 6.7-hr I'*° and 52-min I'™ 


some contamination from the low- 


Detector 
sitv gammas of 2.4-hrI'**. There 
remains the possibility of detecting £ 


Detector 


if tl lelay is reduced 
lai — Nal + 5819) 


ay of gamma radiation above 

from activity collected on an 
column shows a major com- 
ponent due to 6.7-hr 1! and a lesser 
Tel4z[' No 


activities of longer half-life are ob- 


one attributed to 77-hr 


served under these conditions of opera- — jn the MTR 


tion. Inthis case the column had been — ysed to check purity 


operated with a time delay estimated in relative isotopic 
excess of 10 min 


Figure 2 includes 


Rdiochemical Studies 


spectrometer trom 


An extensive series of experiments iodine — fraction 


preceded the development of the iodine are used to show 


monitor. To provide the background 
information for the use of fission-prod- 
uct iodine as a radiochemical index 
iodine fractions of gross fission products 
were prepared by CCl, separation 


fron imples of uranium irradiated activities not 


equipment to ensure proper operation are not entirely 


straightforward. 


Delayed-Neutron Monitor 


Escaped fission products can also be determined by 
the detection of delayed-neutron activity if the delay 
time from production to detection is sufficiently short. 
The feasibility of this method was studied along with 
the simulated-rupture studies, 

Delayed neutrons accompanying fission have been 
separated into at least six components varying in half- 
life from 0.05 to 55.6 see. Thus we must use quite 
short transit times to permit detection of a maximum 
number of delayed neutrons. Any practical monitor 
requires a compromise on delay and holding times to 
optimize the signal-to-noise ratio. 

The major source of background is photoneutrons 
from the »,n reaction on deuterium in the water and 
other hydrogenous material near the neutron detector. 
This problem is worsened in heavy-water-cooled 
reactors. The responsible gamma emitters are those 
present in the water stream with gamma energy above 
the deuteron photodisintegration threshold (2.62 Mey): 
primarily 7-see N'*, 

Sensitivity of this method was explored by measuring 
neutron activity from the water chambers on the 
rupture-test facility using a 1l', x 10-in. BF, counter. 
Phe counter was surrounded by a 9-in.-dia cylinder of 
paraffin moderator covered with Cd sheet on all sides 
Although the 


neutron counting rates were less than the gross-fission- 
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except that toward the water chamber. 


Direct Gamma 


[ Preamp} 
. J 


( Nol +5819) be 


Woter 
chamber | 


t- and 2.8-Mev gammas from 7 


[ Pre wre } 


(amma analyses were 


abundances of the 
various iodine activities present 

a gamma pulse 
spectrum obtained on a scintillation 


Successive spectra 


gross iodine fraction 

On the basis of half-life and gamma 
energy it is possible to recognize the 
presence ot [isi [ta 
Xe" . The abse nee 


associated with these 


Monitor—Another Method 


—? 
Pulse - 
> Amplifier} ~ height 
analy zer 
J \ r— 


4 ' . 
ignal | 
Counting -r ate }-o4 | 


r if 
circu j Difference 
| } 


[ Bac kground } | circuit 
rr ounting rote } 
l ircull J 


} 
+ Recorder 
! 
J 


[ | Pulse 


Amplifier co height 
| | anolyzer 


4 \ 


FIG. 4. Direct-stream gamma monitor compares background signal from 
N'° with fission-product count in 0.7—1.5-Mev region (see box, p. 56) 


iodine isotopes or their daughters 
as well as the indicates the high level of purity ob 
tained with the simple CCl, chemical 
scparation 

Relative abundances of different 
iodine activities as a function of time 
sample of the in any given sample containing gross 
fission-product activity will be deter 


the decay of the mined primarily by the fission yields 


of the mass chains and the nuclear 
properties of the member of each 
decay chain 

Irradiation history. If time rela 


tionships are known and the gamma 


p'34 J'38 and 
of any gamma 
spectrum of each sotope can be deter 


product activity observed with the gamma detector 
just deseribed, the signal-to-noise ratio was consider- 
ably better. [It was concluded that this type of system 
would be quite satisfactory for the detection of fission 
products under the experimental conditions of this 
test. However, the sensitivity would be highly depend- 
ent on delay time because of short half-lives. 

Evaluation. The two known delayed-neutron emit- 
ters, Be*’ and I", are anion forms and would be aceu- 
mulated on an anion exchange column. This would 
indicate that the detection efficiency could be increased 
by the addition of an anion exchange column. 

Even so, in a reactor of the MTR type, the delayed- 
neutron system rates a poor second to the iodine 
gamma monitor. Even for the case where the fission 
products are ejected from the fuel element by reeoil, 
which favors delayed-neutron detection because the 
longer-lived Te and I activities will not be in equi- 
librium, the sensitivity of the iodi system will be 
orders of magnitude above that for delayed neutrons, 
The sensitivity ratio for a system: <ming ion-exchange 
holdup will be even higher due*te the buildup of the 
long-lived activities. 

The delayed-neutron monitor offers, however, the 
distinct advantage of improved time resolution, In 
reactors having small-volume coolant loops this pro- 
vides an improved method for the measurement of 
instantaneous fission-product production. In cores 
requiring large numbers of fuel assemblies the problem 
of finding the source of fission products requires the 


short time response afforded by this system. 
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lractior 


lative 


hOocine 


the gro 
analyzed to obtain the re 


mined 


tration of each isotope 


Once characteristir nectra 


VurMmnia | 


are available, it is possible to unscran 
ble a pulse spectrum containing s6 
different 


traction of the 


activities b LCCOCRS 
different fraction 
The Usui 


emtiliation 


the gross spectrum 
dures of gamma-ra 
trometry then yield quantitati 
for the different isotopes press 
This provide aradiochemica 
for determining the previous irradiatior 
history of the source of { 
whic 


MOuUTre? 


ion product 
information quite usef 
localizing the 

The iodine fraction is quit 
tory for irradiation time 
lor 


conium, rubidium 


ip to 


weeks, longer period the 


cerium, and 


tium chemical fractions are used 
measurement of the 
17-hr Zr” to 65-da 
to 40-day Ru!®*, 3! 


{ relat 


j otopu ratio 
Zr’ 15-hr Ru 
hr Ce! to 32-d 


and 2.7-hr Sr*? to 5k8-da 


provide age determination — fe 


longed periods of fuel irradiation 


use of Isotopic ratio 


Oppo 
ratios of saetivite 
species remove in 


result from selects 


alter distribution of 


witer system 


lodine Chemistry 
We 


activities 


have concluder 


found in the iter tren 
can be considered representative of the 
quantity of gro fission products re 
leased to the water stre 


MTR fuel 


followed a 


im trom @xpe 
rh 


the 


alloy 
study « 
iodine in the system 
Since the MTR w 
tains degassing equipment 
bility that 


iodine are removed at thi 


eonel 


behavior 


iter trean 
the po 
considerable quantiti 
pomt in the 
system had to be con 

gation showed, however 
little 


system in the off-ga treat 


retin ed 


iodine i 
Studies of fission product 
the 


system and scavenged 


deposit 
on metal surface 
rial carried in the water 
that 
the 


parent activities are 


iodine itself is ne from 


stream although telluriun 
This would show that iodine that 
the decay of 


topes reenter the water stream 


formed by tellurium 


readily. The only remaining question 


the possibility of selective evolution 


<posed MTR 


has been resol 


of fission products from « 
fuel alloys 
extent 


ed to some 


Specific chemical separation 


of barium, zirconium, molybdenum 


and iodine were made from samples of 


process wate! fresh fission 


containing 


product activity exposed 
fuel, Quantitative 
Bua 


observing 


produced by 
determina 
La'* Zr® 


chemica 


alloy 
made for 
and | 

with a 
No de 


relative 


tions 
Mo" 


lractions 


were 


scintillation sper 


trometer lation Was found 


from expected concentration 
of these nuclides upon consideration of 
fission yield and irradiation time 
Observation of fission-product activi 


ties associated with ruptures occurring 
in high temperature ¢ xperimental facil 
at the MTR indicates that iodin 


somewhat volatile than 


ities 


being more 


many fission product appears ip 


much greater abundance than would 


I expected when it is compared Vill 
other fis The in 


formation on this point to date is some 
vhat limited 


ion products found 


and further studies are 
nec 


this 


sary Our present feeling is that 


assumption is not asonable 


to strengthen the case 


unre 
ind serves only 


lor radioiodine as a f on-product 
index tn high-temperature air ind 
cooled 


water tem 


Resin Studies 


The properties of 1on-« 
offer the method forselective 
Condi 


water 


necessary 


extractions trom solution 

il im the 
VITR Phe 
tained within a narrow range (5-7 
the dissolved-solids 
Stable 
eould be 


100° | ( 


tions for their use are ice 


stream at the pH is main 


and 


content is generally 


below | ppm temperatures at 


ample point obtained in the 


range below ation and anion 


prepared and studies 


xe hy tngers 
the 
lected from the 


were 


made of radioactive iterial col 


coolant stream 


We ised 
| 


sulfonic-acid 


Amber 
type ex 


resin. 
120, a 


Cation 
IRA 


lite 
eation resin 


the 


Sample ~ 


were removed from ition beds 


ind examined with a gamma scintilla 
determine the 


ved 


Comparisons were 


tion spectrometer to 


nature of the material remo Irom 


the water stream 
made between the distribution of radio 
active species in samples of the water 
itself, the cation 
effluent. Of the 


activities normally 


resin, and-the resin 


major background 


found in the water 


Na** Cd! Zn*”’, Co, and Fe™ 


were identified as major activities on 
the 


Ag 
column In addition, it 
that 


icts as a filter for solid material as well 


cation 


became obvious such a column 
4s removing ions ind ( harged colloidal 
particles 

cation-resin- 


to estab- 


(csamma analyses of 


effluent samples were made 
sh the efficiency of the column for the 
removal of cation activity as well as to 


identily ) 


anions present. Figure 2 com 
obtained 
sample of the 
the MTR 


system with that of an extracted iodine 


pares @& gamma spectrum 


Irom a cation 


effluent 


liquid 


taken from water 


sample In this case 


tivit 


fission-product 


was present due to recoil of 


products uranium de 


the 


fission Irom 


posited surfaces of the reas 


on 
tor components. The production rate 
from this source is constant and re pre 
distribution 


the 


ents an equilibrium age 


determined by the purge rate for 
Activities identified 
Te and I | ; |! 


between removal from the 


tem include 
The 
water 
vents the 


stream and asurement 


the 


Tie pre 


bservation of short-lived gaseous 
and their daughtet 
Kr Xe! and Xe 

e been observed in samples meas 
Also plot 
the 


separate d 


ion produc ts 


tivities Kr 
d with minimum delay 
ni the 


the 


igure 1s pulse 


pectrum ol chemically 


line fraction taken under similar 
It | ipparent that 
effluent 


with 


onditions ibove 


S00 kev the gamma 


that of the 


spectrum 
identical iodine 
chemical fraction 


The 


a strongly 


Anion resin. used 
IRA-410 


OX hange I 


inion resin 


basic amine 


igure 3 summarizes 

results of the anion-activity studies 
figure shows the decay of gamma 
held 

from 


MTR 


under 


emitters 
moved 
in the 


on a resin sample re 


i column that operated 


water ystem for s¢ eral 


week conditions of continuous 


on-product production, The anion 
jumn was cation ex 
remove the 

Activities 
identified in the anion column included 
I Mo**, Tc®, Cz jist J [144 
| ind the the 


activities decay 


preceded by a 


hanger and a filter to 


solid is well as cations 


daughters of 
The 


followed 


xenon 
pociine prese nt 
ol these activities lor 


with the result that no 


was 

eral decades 
activity 
Cr 


with a longer life than 32-day 
identified All of these 


nuclides with the exception of Cr®' are 


Wiis 


f 


fission products. 
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An all-inclusive reference work, presenting the basic 
I 2 

physical data so frequently called upon in scientific, 

engineering, and research endeavors. 





American Institute 
Physics Handboo 








e Amer can tions you want ic! matters as heat, 
me up with an ptics, nuclear physics, etc. Text matter is 
rk. Just like the held to the minimum necessary to make the 
familiar in other tabular information understandable and 

i y imilar fast iseful 

» reference—on all field 
Each section is the work of a number of 
pecialists in the field who have taken into 
ave yourself hours of consideration the many recent discoveries 
cattered reference works and advances select ne at d compiling for 
ila you need t “pp your immediate u the most generally 
your work. The book helpful data available today. Over 1500 
es, graphs, te fo jua pages, $15.00 


Other Books Important to Modern Physicists 


NUCLEAR PHYSICS MESON PHYSICS 


atic, comprehensive study of the properties addition to The /nternational Series in Pure 

and related phenomena. The book outlin i a record of the in putable facts « 
vers the known facts, and shows 
lerstood. The material range 

of basic phenomena in the field, a f experin P F m b ! luced 1 ns and 

clear reactions, and quantum mechani c y investig ns an ntegrate t lata within the 

iy and nuclear forces. By Alex E. S. Green,Florida framework of modern m h By Robert E. Marshak, 

State University. 535 pages, 218 illustrations, $9.00 University of Rochester. 378 pages, illustrated, $8.25 


LOW TEMPERATURE MODERN PHYSICS 
| PHYSICS FOR THE ENGINEER 


the physical properties of matter at ter 
400°C. and shows how these properties obey ia 


, ' ‘ ne or ich our engineering society is built pesca 
peri! ental methods and result t end with theoreti 


| 
he author discusses in detai! such experime 


of 


} . Nineteen eminent scientist explor re with you the ba 


engineer, the book show } t sting 


! ver t ‘ netho« 
matter as quantum characteristic pr rents, achievements, and method 


ju 1 helium, the behavior of iperconduct ye ene Three broadly-detined sect 
e electromagnetic pern eabilities { matter at low te ’ ! aN nature, the world we ' 
re. By Charles F. Squire, The Rice Institute. 244 tion wrmation. Edited by L. N. Ride nour, Lo« eid 
pages, 146 illustrations, $6.50 Aire sat Corp. 490 pages, 211 illustrations, $7. Be 
cnn eee ee ee 
McGraw-Hill Book Co. Dept FNU12, 327 W. 41st St. New York 36 


Send me book(s) checked below for 


SEE 
ANY BOOK 
10 DAYS 
FREE 


! ’ examination on approval Int da 
book(s) I keep, plus few cents for delivery costs, and return unwanted book(s) pe 


delivery costs if you remit with t} j f same return pr vileve 


American Institute of Physics Marshak—Meson Physics, $8.2 


Handbook, $15 Squire—-Low Temperature Physics, $6.50 


Green—Nuclear Physics, $9 [_] Ridenour —-Modern Physics, $7 
“aa 
A ddre 
City and Zone State 
Position Company 
For price and terms outside U.S., write McGraw-Hill Int'l. N.Y.C. 
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CROSS SECTIONS- 





Portable, Self-Powered Reader 


for DT-60 Glass Dosimeter 


By JUSTIN C. SCHAFFERT 
U.S. Naval Research Laborato: /; 


To read the dose on the U. § 
Navy DT-60, PD phosphate-glass do 
must be into an 


simeter,* it inserted 


auxiliary instrument (reader), The 
original readers were designed to oper- 
and we igh 25 lb 
NRL Model 


compact, self 


ate on 115 volts, a- 
This paper describes the 
B reader, a lightweight 
powered reader for field use 


Operation 


The reader, shown in hig | oper 


ates continuously for 40 hr or more on 


one set of five size D, No. 2 conven 


tional flashlight cells. The instrument 
Hly K& SIg K 10 in.) and 


is Tea ible 


measures 
weighs l4)b. It to redesign 
the reader with a size and weight say 
ing of at least 50% 

The Model B contains the 
lamp and a filter to excite the fluore 
of the filter 


and a photomultiplier to observe the 


ultraviolet 


cence dosimeter, another 
amplifier and 


indicate the 


fluorescence and = an 
meter-bridge circuit to 


dosage. The same mechanical and 
optical arrangement for accepting and 
positioning the dosimeter is used in the 
Model B as in the 
instrument, 

The feature that 
operation on the small complement of 
flashlight cells is the use of a 
light from a 
tube to 


line operate d 


permits extended 
single 
short pulse of ultraviolet 
Sylvania 8-695 are-discharge 
excite fluorescence in the dosimeter 
The &- 


that are charged in parallel and dis 


695 is fired by two capacitors 
charged in series 

The photomultiplier provides a nega 
tive pulse that is proportional to the 
peak luminescent output from the do 
simeter. The luminescent output is in 
turn proportional to the gamma expo 
sure, The negative 
dual-stage transistor 


pulse is fed to a 
amplifier, which 


performs impedance matching and 


Schulman, W. Shurcliff, R. J 
Attix, NucLeonics 11, No 


eJ. H. 
Ginther, F. H. 
10, 52 (1953). 


60 


allowing ample 


Wa hington ee 


FIG. 1. Self-powered DT-60 glass dosim- 
eter reader. Index assembly is shown in 
CHANGE DT-60 position, in which dosimeter 
to be read can be inserted. With handle 
at CAL STD position, standard is in position 
to calibrate reader. At READ position, 
dose can be read 


pulse inversion The positive pulse 


from the amplifier is applied to a stor- 


age capacitor by means of a silicon 
diode The 
portional to the peak pulse 
Although the back 


silicon diode is not 


capacitor charge is pro- 
amplitude 
resistance of the 
infinite, the prod- 
and the ca 


pacitance is sufficiently large to permit 


uct of its back resistance 


retention of the charge on the capacitor 
time for reading the 


meter-indicator 


U-V source 
Photomult 


‘cay 


4 SIA 
LG tik pe 
] %, 0.002 Lani] aol] z 


oon 





Power supplies 


FIG. 2. 


The meter-indicator circuit is a vae- 
bridge ( omposed ol two sub- 
tubes, the 


with scales of 


uum-tube 


miniature vacuum storage 


capacitor and a meter 
0-200 and 0-600 roentgens The 


ter indicates the 


me- 
amount of bridge un- 
balance due to the voltage 


across 


the capacitor. The meter may be 


zeroed”’ by means of a zero control, 


which is used to balance the bridge cir- 
‘uit with the 
pletely 
control for the 


storage capacitor com- 


discharged. Coarse sensitivity 
reader is provided by 
photomultiplier gain adjustment; fine 
control is provided by the calibration 
control The 
set by the range 

Calibration of the 


the meter is 


range of the reader is 
switch 

roentgen scale of 
performed in the usual 


manner by reading a fluorescence 
standard and adjusting the reader gain 
to the 
ard is a DT-60 dosimeter that was sub- 
jected to 3,000 
balt-60 
then fitted 


produce 


gppropriate value The stand- 


roentgens [rom a co- 


This 


with an 


dosimeter 
mask to 
150 roentgens on 
P-95( X N-3)/PD 
The masked dosimeter is per- 


source, was 
optical 
a reading of 
a Polaroid Corp 
reader 
manently mounted in the index 
bly The 
by means of the hand 

To calibrate the reader, turn the 
knob to ON Set the meter 
ZERO con- 
handle in the 


assem- 
rotated 
shown in Fig. 1. 


index assembly is 


selector 
to zero by means of the 
trol. Place the sector 
CAL STD 
switch in the 0-200 roentgen position. 
After the READY light has fired, hold 
the TURN-TO-READ knob in its ex- 
clockwise 1 note the 


position and the range 


treme position at 


Foose) L +7 


» 
Y 
| 

> 


a_} Calibrate 
contro! 


” 


1 Meter 
(roentgens) 
ea-30 80-309 
+|* Po 
4 Hifi| 
Position 2-bottery 
neck 
Position 3-on 


sition l-off 


v 6V 





Circuit diagram of NRL model B DT-60 dosimeter reader 
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Los Alamos... 


a challenging place to work 


a stimulating place to live 













































































At Los Alamos, creative people are finding that in- 
tangible ‘extra’ that makes their work more satisfying 
and gives their lives a lift. 





This extra is found in the splendidly equipped labora- 
tories ...in the friendly support of some of the nation’s 
finest scientific minds...in the challenge of doing 


vitally important work with the sources and uses of | Write: 
nucleor energy. Director of Personne! 





Los Alamos Scientific Laboratory 
Division 2406 
Los Alamos, New Mexice 


You'll find it, too, in the spectacular scenic setting high 
in the green, pine-covered mountains of Northern New 
Mexico...in the bright, clean community of 13,000 


people ...in the up-to-date shopping centers, the un- 
crowded schools, the many churches. It’s in the healthful 
climate, the cool summers and the mild winters. For 0 S a a 0 S 
scientific research and enjoyable living, Los Alamos : ah 
scientific laboratory 


has no equal. 
* THE UNIVERSITY OF CALIFORNIA 


If you are a graduate scientist or engineer, seeking si 
that intangible extra, your inquiry about employment LOS ALAMOS, NEW MEXICO 

, a 
will be answered promptly. | 
‘ 


LOS ALAMOS SCIENTIFIC LABORATORY IS A NON CIVIL SERVICE OPERATION OF THE UNIVERSITY OF CALIFORNIA FOR THE U.S. ATOMIC ENERGY COMMISSION 


Vol. 15, No. 12 - December, 1957 61 





PROMPT 
DELIVERY 


A GRAM 
OR A CARLOAD 


OXIDE 


(SEVERAL GRADES) 


FLUORIDE 


NITRATE 


AND OTHER SALTS 


GADOLINIUM 
SAMARIUM 


EUROPIUM 
AND OTHER 
SEPARATED 
RARE EARTHS 

WRITE FOR TECHNICAL 

DATA 


World's largest 
producer of rare earth and 
the rium chemicals for commercial 
atomic energy use and industrial applications 


[ynpsay (HEMICAL (OMPANY 


272 ANN STREET, WEST CHICAGO, ILL 


62 


meter reading The calibration point 
is 150 roentgens on the 0-200 roentgen 
scale While holding the TURN-TO- 
READ knob in its extreme clockwise 
position, adjust the CALIBRATE con- 
trol so that the meter pointer 
with 150 
cannot be set to 150 roentgens by use 
of the CALIBRATE control, turn the 
GAIN control either clockwise or coun- 
whether it 


coincides 


roentgens. If the pointer 


terclock Wise depending on 


Inereust wr decrease 


repeat the 


is necessary to 
the meter reading and 
procedure 

To read the 
place the 
CHANGE DT-60 position and insert 
the DT-60 dosimeter. Now rotate the 
to the READ position. 
With range set at the 0-200 
roentgen position, hold the TURN-TO- 
READ knob in its extreme clockwise 
The 
dose directly 
is off 
READ knob 
0600 roentgens and repeat the opera 


The READY light must be fired 


before each reading operation 


a Dl 


handle in the 


dost on 60 dosim 


eter sector 


handle 
the 


sector 


position meter indicates the 
If the meter indication 


TURN-TO 


switch to 


scale, release the 


set the range 


tion 


Repeatability 


Phe chief 
Is apparently im the 


ource ol spread in dose 


readings inherent 
ariability of the discharge characteris- 
At pres- 


tics of the ultraviolet source 


ent, little or no repeatability data are 
ivailable on specific lamp types 
In the steady-state wherein 


this 


reader 
the lamp flashes are say 60 cps 
problem of repeatability is largely cir 
cumvented by using an indicator with 
1 time constant that is long compared 
to the flashing period, Thus, the vari 
PSSIVE 


ition of the light output of suc 


is ‘averaged out this is not 


for single-flash illumination 
The caleulated standard de 


hit 


the cause 
Viation ol 
value ofl 
The 


roentgens, or 


reading with a mean 


145 roentgens was 8.1 roentgens 


probable error was 5.5 


75% of the mean value The mean 


ibsolute error (arithmetic mean of all 


errors without regard to sign) was 6.5 


1.49 


Ihe prese nt spread ol re ye ited do 


rocntgens of 


imeter readings taken with the pulsed- 
light 
serious deficiency in 
the 


However 


reader is not considered to be a 


view of the over 
pT 60 dosimeter 


im the 


ill accuracy ol 
ystem interests ol 
future reader designs, the repeatability 
of are discharges should be studied ex 
perimentally with particular attention 
to the effects of aging of lamps used in 


flash service 


M1238-1818 — Range 18” x 18", working 
distance 9 to infinity. Reads to 0.001” up 
to 24” working distance. Protractor ocular 
reads to 3 minutes of arc. Image is erect 


Cut inspection 
time in half 
with new Gaertner 

Coordinate Cathetometers 


These convenient, reliable optical 
instruments permit making precise co 
ordinate measurements in a _ vertical 
plane. The two dimensions are measured 
with one setting, object does not have 
to be rotated. Inspection time is cut in 
half and resetting errors eliminated 


Versatile Gaertner Coordinate Cathe- 
tometers are ideally suited for precision 
measurements on large objects; also ob- 
jects or points in recessed, remote, or 
inaccessible locations. Applications in- 
clude measuring jet engine sections, 
complicated castings, printed circuits, 
bolt holes and bosses on large piece parts, 
traces on cathode ray tubes, etc. 


Because these are optical rather than 
mechanical measuring instruments, you 
make non-destructive measurements 
without contact, distortion, or concern 
about pressure being applied to the ob 
ject when making a setting. Instruments 
available in English or Metric system. 


M1236-46—- ——» 
Horizontal range 6", 
vertical range 4"’, 

Reads to 0.0001"’, 

working distance 5” 

to infinity 





Visit our booth 
American Institute of Physics Exhibit 


Hotel New Yorker, N.Y. Jan. 29-—Feb. 1 











Write for Bulletin 194-57 


The Gaertner 
Scientifie Corporation 


1257 Wrightwood Ave., Chicago 14, Ill. 
Telephone: BUckinghom 1-5335 
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one ofa series 


ANNOUNCING H4&N's NEW NUCLEAR D/V/IS/ION 


fa. ty 
of VLD 


© yr er, Caen 


Kelly McBean, Manager of H &N’s new Nuclear Division, tells 


“What We Learned on Eniwetok About 


The Strange Structures that Test Atomic Safety” 


e, this atom age structure is little more than a bleak and 

lding. Yet its seemingly characterless masses of concrete 

be meticulously designed. Nine years of continuous experienc 

lesign and construction of the AEC’s Eniwetok Proving Ground, 

ears of exhaustive research in the States, has taught us that 

ety requires engineering concepts that are new to industrial 

ind construction. Also required is an unprecedented union of 

lized science with experienced engineering. Our Nuclear Divi- 

ffers both, focused on the safety of industrial nuclear facilities in 

; aspects, from the nuclear characteristics of the source to the 
of shielding and containment.” 


5 & NARVER’'s long experience with nuclear test facilities has 


involved massive problems in radiation shielding and blast-resistant 
construction, Although Eniwetok test data cannot be translated directly 
into industrial radiation containment conc« pts, the « nginecring me thod 
can ~and the proof of these design methods under maximum radiation 
and maximum pressure assures more confident safety predictions. But 
confidence in safe design depends first on sure knowledge of the forces 
creating the hazard. At Eniwetok, as in your plant, this means the 
nuclear physicist and the engineer attack the radiation problem 
together. Our Nuclear Division includes a nuclear physicist who has 
specialized in reactor hazard evaluation, in all known concepts. The 
firm invites consultation on special safety problems —or the full respon 


sibility — from plan to finished plant. 


A new booklet, "Nuclear Safety)’ is available upon request 


SnOoIingens 


Holmes & Narver, Inc. § 


828 South Figueroa Street, Los Angeles 17, California 
1737 H Street NW, Washington 6, D.C 


THE 


ATOMIC ENERGY PROGRAM 


CONSTRUCT 


SINCE 1948 





SENSITIVE 


LOG nN and 
PERIOD AMPLIFIER 


provides superb stability 


for critical reactor monitoring 


NEW standards of stability and sensitivity 
in reactor monitoring are set with the 
Keithley Model 420. Used as a dual 
monitor of power level and pile period, 

it does the work of two instruments 
Packaged in a single unit with large mirror- 
scale meters, the 420 is especially suited 

to the critical needs of research 

and experimental reactors 


PERIOD CIRCUITRY of the Mode! 420 
includes an electronic differentiator 
providing reactor period indication of 3 

to 100 seconds and recovery to positive or 
Negative Overshoots within five seconds 


Accuracy is within 3 percent at center scale 


THE LOG N AMPLIFIER measures 
10°15 to 10° ampere, accurate within 0,2 
decade. Zero drift is less than 0.05 decade 
in eight hours. Response time to 90°, of 
final value can be less than 2 seconds for 
with 


currents larger than 10°!? ampere 


5000 mmf across the input. Adjustable 
damping permits slowing the response speed 


when desired, 


OTHER features of the 420 include: a 225 
volt polarizing potential for ion chambers, 
a front panel period polarity switch, and 
large voltage outputs for remote meters as 


well as 50 millivolt recorder outputs 


DETAILS on the Model 420 are now 
available in Keithley Engineering Notes, 
Vol. 5, No. 5, A request on your company 


letterhead will bring your copy promptly 


Y 


KEITHLEY EE 
INSTRUMENTS, INC. 
12415 Euclid Ave., Cleveland 6, Ohio 


Biological Response 
to Mixed Radiations 


By DANIEL S. GROSCH, ROBERT L. SULLIVAN and LEO E. LaCHANCE 


Varine Biological Laboratory, Wood 
Raleigh 


and North Carolina State College, 


In reactor and certain accelerator 
situations radiation is often present as 
To study the 


mixtures, we 


i mixture of radiations 
additive effects of 


made a series of experiments on the 


such 


combined sterilizing effects of external 
X-rays and ingested beta emitters (P* 
and Sr**) on the ectoparasitic wasp 
Habrobracon juglandis (1, 2) 

In all experiments, feedings followed 
the X-ray exposure, All combinations 
were comprised of doses that, by them- 

effects 
with the 


selves have shown clear-cut 
X-ray exposures were 
Woods Hole M.B.L. 
(2,500 r is one-half the sterilizing dos 
for X-rays). 
listed 


preferences of 


made 


generator (3) 


doses ure 
taste 


strontium 


Phosphorus 
in the table. Because of 
the 


doses were limited to 500 ye/gm. 


Wiis ps 


The graph summarizes the results. 
at the highest P** level, the 
combination experiments more nearly 


Iixcept 


resemble the X-ray-only results than 
Even at the highest 
P*? on the 
combined effect is not proportional to 
the P** effect alone. 
tion that the X-ray and P* effects are 


an additive effect. 
P*? Jevel, the influence of 
On the assump- 
completely independent, the product 
of their survival percentages gives the 
theoretical values shown in the table. 
These are in close agreement with the 


experimental values. Chi-square val- 


V assachuselts 
Vorth Carolina 


Hole 


ues calculated from a 2 2 contingency 
tabulation supply no evidence against 
the hypothesis 

In contrast to radiophosphorus feed- 
ings, the level 
permanent cessation of egg production 
the the 


values are consistently higher than the 


Sr’ does induce 


not 


4). As shown in graph, 
P*-combination experiments and ap- 
the effects of 


The less intense emis- 


proach more closely 
X rays alone, 
sion from the longer-lived Sr** influ- 
production only slightly. 


unlike the P* 


ments, there is a recovery phase 


etic ed 


CEE 

Furthermore experi- 
On 
the eleventh day, eggs again began to 
appear and a day later a plateau was 
reached that held until senility (19-20 
days). This recovery pattern does not 
differ that 


posure alone (2). 


from following X-ray ex- 

With combinations of rays, the more 
intense component may do most of the 
damage. Presumably a majority of the 


sensitive cells were irreversibly dam- 


aged by X-rays and could not be fur- 
ther harmed by beta rays. Only a few 
cells, recovered from or never damaged 
by X-rays, were injured by beta rays. 

Such independence of action sup- 
ports two of the fundamental premises 
of theoretical radiobiology—additivity 
of two radiations may not be demon- 


strable unless (1) they have a similar 





Sterilization Data for X-Rays + P** 


Day of 
onset of 


slerilily 


P*? mixture 


(wc /gm 


375 500 
3,750 500 
3,125 500 
2,500 500 
2,500 250 

,500 750 

600 1,000 


* Obtained from (experimental eggs) 


survival (% 


Kaq 


T heoreti 
X-rays 


18 7270 
22 O191 
24.3 18O0U 
35.3 3133 
3S 1285 
26 1069 
13 1005 


(control eggs 


t Based upon a hy pothe si8 ol complete independence of effect 


t Chi square is determined for 1 degree of freedom 
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you can 


the difference 
in the 
CRL system 


and iat costs no more! 


Now, with the many accessories offered, the Central Research Manip- 
ulator lets you perform an even greater variety of intricate opera- 
tions. All of these accessories are remotely interchangeable . . . each 
is the product of precision craftsmanship and exacting control of 
tolerances. The manipulator itself has that inherent “‘sense of feel’’ 
which is the result of continuous design improvement and rigid 
quality control throughout every phase of manufacture. Field main- 


tenance is simplified by standardization and interchangeability of 
parts, yet each manipulator is “‘custom built’”’ by skilled craftsmen 
with years of experience. Because of this individual attention the 
CRL Manipulator is easily adapted to your particular needs. 
If you use—or plan to use—hazardous materials that require laboratories, inc. 
intricate handling, CRL Manipulators will speed up your production Red Wing, Minnesota 
or research program. We will also be glad to advise you on the layout 


of hot cells and other research areas, to help you gain maximum Dept.101 
benefit from your CRL Manipulator. 
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central research manipulators 
from basie Argonne National Laboratory design 


write today for complete information lo: 





42-inch-thick 
cobalt 60. (Photo by Fritz 


window by Corning provides 
Henle, 


protection against 
courtesy Cities Service Co.) 


42-inch-thick glass “wall” 
protects against cobalt 60 


You're looking through a 3-ton glass 
radiation shielding window in the 
radiation laboratory of the new Cities 
Service Research and Development 
facility at Cranbury, N. J 

Through this glass you can see 
every marking on the rulers being 
manipulated by the mechanical arms 

Yet, the 42-inch-thick glass win 
dow 
against the tremendous radiation of 
cobalt 60. 


provides complete protection 


Special glasses 
Ihe window that lets 
cobalt 60 is made by Corning. The 


you watch 
glasses used in the window are of 
special composition. They have the 
density needed to protect 

that 
used on the 


plus the 
optical characteristics 
visual control 
“hot” will not 


permit 
Glass 


side brown or de 


compose 

Windows like this come as “pack- 
aged” assemblies, ready for you to 
put into place. Once in, they require 
no maintenance or renewal 


How to get one 

lo get a window that’s right for your 
hot cell just tell us your wall thick- 
ness, energy level, and desired view- 
ing area 

rhen leave a hole in the wall, and 
tell us the date you want your 
window 

Details? Bulletin PE-51 gives per 
tinent data about the special glasses 
describes design considerations, and 
shows typical installations. Please 
your inquiries to Plant 
Equipment Sales Department at the 
address shown below. You will hear 


from us promptly. 


address 


CORNING GLASS WOR KS, 16-12 Crystal Street, Corning, N.Y. 


Counung means research i Gleesd 


f i) aie wae 


Eaperiments 


j r 
ii HA 
| if ; 
| i ' i 
i; | | if 
| } | 
! | | 
F G 


AVERAGE TOTAL OF EGGS laid per 
female during week subsequent to irradi- 
ation. Since control wasps produced 
slightly more than 100 eggs during same 
period, actual totals shown are essentially 
in per cent of controls. Alphabetical 
designation of experiments follows table 


distribution in time ane 2) their ex 
The latter 


cannot be 


posure times are brief (4 


condition, of course met 
with fed radioisotopes but the present 
results should not be taken as evidences 
that the 
for X and beta rays 


indicates 


mechanisms of damage differ 

Lack of additivity 
that the 
mechanisms influenced are in some way 
unrelated In the 


lack of relation may be entirely in time 


mere} biological 


present case the 
Given time, developmental and restora- 
tive pro PSSCR CHAN pros ne d 

This that in 
protec 


suggests order to 
t organisms from immediate dele- 
terious consequences, we 


larly 


IOnIZINE 


must particu 
guard against sources of intense 


radiation. Here we are not 


considering recessive genetic damage 


wherein all ionizing radiation may be 


of concern.* 


On the other hand, when differential 


damage is desirable, as in the elimina 


tion of pests from foods, mixtures of 


radiations can be quite ine flicient 


63, 170 


1950 


eriment on genetic damage are in 
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NOW - STUDY THE EFFECTS 


OF GAMMA IRRADIATION 
IN YOUR OWN LABORATORY 








W IT H T H E DRAWER SYSTEM 


—for insertion 


A.E.C.L. GAMMA ‘sa 
IRRADIATION CELL. 


The Gamma Irradiation Cell, Model D-47, safely permits 
the irradiation of material with the penetrating 
gamma radiation of Cobalt 60. Requiring only 


’ 
‘ 
T 
‘ 





eee we ee ee ee 
ee 





a connection to an electrical outlet, the unit is 
ready to go to work providing radiation dose 
rates up to 1,000,000 roentgens per hour. 





the 


* 


' 
' 
" 
" 


The D-47 is completely self-contained and 


c= 


is virtually free of maintenance costs. 
A timing device automatically 
terminates the irradiation at the 

end of a preset time interval. 


IRRADIATION 
CAVITY 
(up position) 


IRRADIATION 
CAVITY 


(down position) 


COBALT 60 
SOURCE 





With minimum instruction, 

a series of irradiations can be 
handled by a Technician, thus 
conserving the more valuable 
time of supervising personnel 





For information on the Gamma 

Irradiation Cell, kilocurie cobalt 60, 

radiography machines and sources, 

neutron sources, irradiation services, radiosotopes 
and teletherapy equipment please write to 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 
P.O. Box 93 Ottawa, Canada 
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The Engineering Teat Reactor 
Control Room. Courtesy: The AEC 


ETR goes critical 
under L&N controls 


Controls for the Engineering 
Test Reactor were provided by 
Leeds & Northrup as a single, 
coordinated system. L&N sup- 
plied not only the physical 
components but also the dem 
onstrated competence of an en- 
gineering staff thoroughly ex- 
perienced in both nuclear and 
conventional plant 
controls. 


power 


To learn how “systems-engi- 
neering” can center 
bility for the instrumentation 
of your reactor, and why L&N 
is preferred by such a wide 
margin, write for Folder 
ND46-70-700(1), Leeds & 
Northrup Company, 4936 
Stenton Avenue, Phila. 44, Pa. 
in] 
Ss 


responsi- 


Automatic Controls « Furnaces 


Instruments 


P” Half-Life Determination 


By OSWALD U. ANDERS* and W. WAYNE MEINKE 


De partment of Chemistry, 














DECAY of highly purified P**. Sample 
was obtained from (d,a) reaction on sulfur 


Phosphorus-32 is widely used as a 
biological tracer and as an intercom- 
beta counters 


parison standard for 


The recent publication (1) of a good 
radiochemical determination for this 
radioisotope promises its use as an 
analytical tracer. 

Ps ig 


tracer since it emits only 


particularly suitable as a 
one strong 
beta particle of 1.7-Mev maximum en- 
without admixed gamma radia- 
Its rela- 
tively short half-life makes it safe and 


ergy 
tions. Itis readily available 
it is chemically easy to work with 
To use a standardized P*® solution 
for calibrating and intercomparing 
counters, it is essential that the half- 
This is 


necessary to correct for decay occurring 


life be known very accurately 


since the standardization. 

One of the first values reported was 
14.30 + 0.03 days (2). A 
14.06 + 0.07 was 
source made by cyclotron bombard- 


value of 
obtained from a 
ment of sulfur and measured with an 
electroscope and a G-M counter and 
corrected for a longer-lived impurity 
believed to be S*® (3). A 


Ww rapped around a G-M tube and fol- 


source 


lowed for two half-lives gave 14.35 4 


* Praesent Avppress: Dow Chemical Co., 


Midland, Michigan. 


University of Michigan, Ann 


: Dowex-50 Fe(OH 


Arbor, M ic higan 


A value of 14.60 + 0.05 was 
obtained by following decay for three 
5): the 


large value was probably due to lack 


0.05 ( 4). 
half-lives with an electroscope 
of chemical purification. Calorimeter 
and G-M counter measurements gave 


14.350 
determinations lack 


0.09 (6); however, calorimeter 
The 
0.04 
7), obtained by following the decay for 


precision 


last available value was 14.50 


five half-lives with an electroscope. 

In most of this work, the P** samples 
were not pure, and corrections for S* 
or P The P* de- 


cay was followed for less than six half- 


had to be applied. 


lives, and the counting-geometry re- 
producibility and linearity of detection 
These facts 
easily account for the discrepancies re- 
To at- 
tempt to arrive at a significantly better 


posed problems. may 


ported and the errors quoted 


value, we obtained a higher isotopic 


purity, provided a better reproducibil- 
ity of counting conditions, and counted 
a larger number of half-lives 

A sample of high purity was ob- 
tained by producing the P* by deu- 
The 


7.8-Mev deuterons employed were not 


teron bombardment of pure ZnS. 
energetic enough to produce any long- 
lived phosphorus isotope in addition 
to P* 

The phosphorus activity was chem- 
ically purified in the following way: All 
cations were retained by passing the 
dissolved sample through a Dowex-50 
The P* 


adsorbed on & 


bed in the hydrogen form 
was then selectively 
column, in an adap- 
tation of the method described by 
Melsaac and Voigt (8) 
NaOH 


through a Dowex-50 column, which re- 


and eluted with 


The eluate was again passed 


tained all the sodium and yielded the 
P*? in carrier-free form. 
The 


30-ug/em*? Zapon film, covered by a 


pure P** was mounted on a 
similar film and counted in a 4m beta 
proportional This 
had a plateau of more than 800 volts 


counter counter 
with negligible slope and exhibited ex- 
cellent linearity 

The decay of the sample was followed 
for 11 half-lives. A total of 66 decay 
points were taken during this time. 
The illustration shows a representative 
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Our biggest asset can’t be photographed 


t's inside this engineer-scientist’s head? A camera won't all the other fields of competence that go to make up a balanced 


eal that for 30 years a trained mind has been accumulating a research and development facility 
st fund of knowledge on gyroscopes and has come forth with Nor can we show the special types of gray matter that make a 
1 original thinking on inertial guidance. first class systems engineer, a top production man, or a forward 
looking executive to keep these specialists functioning smoothly 


photograph can tell that another man thoroughly grasps 
present state of the art in infrared technology and has crea as an integrated organization. 

as for the future. But we can tell you what these people have done in the past, 
what they are doing now (where military security permits), and 
what we believe they can do for you. Write Dept AW, Mechanical 
General Mills, 1620 Central Ave., Minneapolis 13, Minn. 


n't show pictorially the knowledge and reasoning ability 
aff members bring to such subjects as radar, general elec 
semi-conductors, computation, mechanical design, and Div., 


MECHANICAL DIVISION 


Creative Research and Development + Precision Engineering and Production 





An industrial periscope is very 
often the answer to hard-to-get- 
at, underwater, hazardous loca- 
tion or Hot-Spot remote control 
observation. Ideal for use where 
heat, pressure or Hot Cell radia- 
tion are problems the peri- 
scope offers unsurpassed clarity 
and definition, true color, and a 
long, maintenance-free service 
lite. Attachments are available 
for photo recording all viewed 
material. 


With our wide experience in 
this field, we probably have 
a design to fit your viewing 
problem. Send for Bulletin 30! 


AX 
KOLLMORGEN 


CORPORATION 
NORTHAMPTON, MASS. 





70 


Calculation The interest of Dr. W. J. 
Youden in the statistical treatment of the data 
7 hia 


ported tin part by the t S 


sampling of these points sam ple 


by the method of least squares of the 
half-life these 
corrected for background and 


appreciated work was 


Atomic Energy 


is also sup- 


phosphorus-32 from 
pointe Commisaion. 


coincidence losses, new 


value of 14,223 + 
Since this value is slightly . B. N 
19458 
smaller than most values reported, it D. Mulder. G. W 
that Physica 7, B49 (1940 


‘ E. D. Klema, A. O 
impurities and 


yielded a BIBLIOGRAPHY 


Anal. Chem. 28, 1782 (1956 
Nuovo Cimento 16, 213 


0.015 days (standard W. B. Bilker 


deviation). Cacciapuoti 


Hoeksema, G. J. Sizoo 


would appear systematic errors 
’ 4 Hanson, Phys. Rev. 73, 
scat- 106 (1948) 
this WwW. K Sinclair A. | 
$65 (1951) 
J. G. Bayly J. Rea 
bk. E. Lockett, R. H 
. No. 3, 15 (1953 
The authora are grateful to Mra, Rosemary g D. Meleaac 


Maddock for her help in following the decay of teport ICS-271 


involving data 
Holloway, Nature 167, 


ter have been minimized in 


Can 


268A, 520 (1950 


Thomas, nucLeonice 11, 


experiment. 
* * * 


A. Voigt 
June, 1952) 


lowa State College 


Hanford Adopts Plastic Film Badge 


Body showing 
shielding and 
locking device 


Slide showing 
shielding 


Badge assembly 
showing photo in 
place 


Reor view of 
bodge ossembly 


Assembled cover and 
body with slide 
portiolly inserted 


Now plastic personne! film badge dosimeter developed at Hanford has following 


advantages over old metal badge: lightweight construction (28 gm vs 74), reduced 


size (5! 544 In.? vs 84g), effective clectromagnetically operated locking mechanism 


simplified processing procedures (800/hr vs 350), improved dosimetry, and lower 
cost ($1.18 each vs $3.85) 
New badge is made of relatively 


Three pieces of shielding include 1-mm-thick 


nonflammable cellulose acetate butyrate, 
which is available in any color 
silver to absorb all beta and low-energy gamma radiation, 0.005-in.-thick silver 
15 kev, and 0.0191-in.4thick aluminum to absorb 
Locking device consists of neoprene O-ring and cadmium-plated soft- 
When slide is inserted into body 
Strong electromagnet is required to pull “TT” 


to absorb gammas of below 


betas 


iron “T” it forces “‘T”’ against O-ring until 


past protrusion. away from 


beneath slide protrusion so that slide can be removed. Soft-iron bar in bottom 
of slide allows it to be 


General Electric Co., Hanford Atomic Products Operation, Richland, Wash 
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removed by second electromagnet—L. F. Kocher 





wee COLUMBIUM 


--.Spurs progress in nuclear metallurgy! 








High-Purity Reactor Grade Products 
Now Available in Quantity 


Wah Chang Corporation COLUMBIUM actua t two name} 
many engineers prefer to call it NIOBIUM but no matter whict 
term they use, all agree to its growing > aS an aton 
age metal! 

Low neutron cross-section, nce and excellent 
alloy stabilization properties a i Y OLUMBIUM'S attr 
butes in addition, its affir iva m makes, it useful ir 
fuel element development 

Reactor grade WCC C( VBIUM can now be specified in higt 
purity oxide, powder or e J mn me > exact require 
ments of your application pecia eldelele len diols morsel al Gi 
i celsemelacm Cemalaltatay im elasiele) ind 4] i f extractive metallurgy 


experience are y yur S$Surar f ent quality WA H CS | A N G 
Wah Chang Corporatior f vorid’s foremost pr 
EGelmuch critical metals as: zirconium, halamaeanel CORPORATION 


ducers of such lyb 
denum, tantalum and tur netals with a significant share 


in your future! 
WOOLWORTH BUILDING, NEW YORK 7. N.Y 


f 


Learn how WCC CO | mf f rif ve your pr our 
write today for techr } rey prices and delivery 
schedules 


More WCC Metais are on the way look tor them 


BRINGING TOMORROW Se ae ae 
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FLOW DIAGRAM of APPR showing bypass system for purifying primary water 


Reactor Water Processing: 
How It Is Done in APPR 


By A. LOUIS MEDIN 
ALCO Products, In 


In this era of nuclear power, many 
phases of plant operations formerly 
considered of secondary importance 
have acquired new significance 
treatment, especially in pressurized 


water reactors, is a good example 
This describe the 
treatment facilities 
Army Package Power Reactor (APPR) 
Although the APPR is a 


reactor the 


article will water 


pro. ided for the 


relatively 
small 
water-treatment 


pressurized-water 
problems of larger 


commercial power reactors should be 


similar, 

The APPR (NU, Aug. '57 
is a 10-Mw(th) 
that its 
transportable by air 

Water at 
moderator and coolant 


foldout 
system designed so 


major components are all 


both 


and circulates 


1,200 psia serves as 


through the enriched-uranium stain 


leas-steel core at $000 gpm As 


shown in the figure the water enters 


the reactor vessel at 431° F, is heated 
to 450° F, and then 
a vertical U-tube 


Steam at 200 psia is produced at a 


through 


PASSCS 


steam generator 


nominal temperature of.407° F, which 


72 


Water 


Schenectady, N. ¥ 


represents about 25° F 


of superheat. 
The steam is used for driving the tur- 
bine, evaporator and air ejectors, plus 
some minor plant chores 

essentially, all construction mate- 
rials in the primary system are 
With the exception 


steam gen- 


type 
304 stainless steel! 
of the 304 


conventional construction 


stainless-steel 
erator ma- 


terials are used in the secondary 
system 

The various systems at the 
APPR are Table 1 
The primary system includes all water 
with the 


nuclear core, while the secondary sys 


water 
summarized in 
ind equipment in contact 


tem consists of all water and equipment 


in the steam-generating cycle 


Primary Water Treatment 


Exceptionally high-purity water is 


required in the primary system of a 


water reactor for numerous reasons 


Generally these reasons can be divided 


into two major categories—-nuclear and 


mechanical. From the nuclear stand- 


impurities can pose radiation 


point, 


problems. If the impurities were to 


become radioactive and deposit in an 
area to which personnel have normal 
hazard 
Impurities important in 


access, a serious radiation 
could result. 
this respect include sodium, cobalt and - 
manganese, 
From the mechanical standpoint, 
impurities can result in the clogging of 


Deposits 


close-tolerance mechanisms, 


have caused serious malfunctions in 
the operation of control-rod mecha- 
nisms in at least one pressurized-water 
reactor.* In an operation as critical 
as the movement and positioning of 
control rods, continuous performance 
must be assured, 

Deposition of impurities on fuel ele- 
ments can also cause difficulties, 
Since the water gap between two ad- 
joining elements is normally very 
small, deposits can create heat-transfer 
Should the 


come large, the normal water flow be- 


problems, deposits be- 
tween elements could be disrupted. 

In APPR, continuous purification of 
a portion of the primary water main- 
tains the primary system at a maximum 


of 2 ppm total solids. Water requiring 


Welinsky, P. Cohen, J. J. Seaman, 
62, 393 (1956) 


*T.R 


Chem. Eng. Progr 





TABLE 1—-APPR Water Systems 


/ / pe of 


jalem 


Feed ior eV 
Make up tor 
makeup for pri- 


Pervics 
Distilled 


water 


aporators 
secondary 
vatem 
mary demineralizers, cool- 
motor 


int for canned 


pumps, coolant for shield 
water 

Secondary Chemically treated water 

feed 


Primary 


for feed to boiler 
Demineralized water con- 
taining an excess of hy- 
drogen 

Spent-fuel pit Distilled water under 
which fuel elements are 
stored 

River water Coolant for condenser, 
blow-down cooler and 
space coolers 

Water « xceeding specih- 


Primary 


blowdown cations requiring purif- 


cation and reuse 
Seal water Seals on control rod 


drives 
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a Baa Amplifier Element 
@ Monostable Element 


These building blocks are designed to operste well wid 
limits ot thoi transistors, to insure long life and trouble 
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for Super-Fine Cutting 


of Hard, Brittle Materials... 


the Khbhite 
Industrial Airbrasive® Unit 


This delicate cutting job was done with our Industrial Airbrasive Unit 
... just to show you how its high-speed, gas-propelled stream of 
abrasive particles produces a fast cool ... shockless cutting action 


New industrial uses for the S. S. Wuire Industrial Airbrasive Unit 
are being discovered every day. Developed from the Airdent® 
equipment made by S. S. Wuire for the dental profession, the unit 
can be used in wire-stripping calibrating to remove 

surface deposit etch gla cut germanium and other 
crystalline forms or to etch, drill or light-debur 

almost every hard, brittle material 


The Airbrasive Unit does these, and many other jobs 

that used to be difficult — or downright impossible — to accomplish 
by previously known methods. Think of your own product. 

Do you have a process that our unit can solve? Send us a sample 
and let us try out the unit for you. Or, for further information, 
just write to 


First Name in Airbrasive Cutting 


st al Division, Dept 9 
New York 16, N. ¥ 


Western Office T ‘ico Bivd., Los Angeles 6, Calif. 


purification, referred to as blow-down, 
is removed from the primary loop 
downstream from the steam generator 
at approximately 431° F and 1,200 psia. 
The temperature is reduced to ~ 120° F 
by means of a smal! heat exchanger 
while the pressure is reduced to 100 psia 
by a throttling valve. The blow-down 
is then passed through one of two 
mixed-bed demineralizers where the 
bulk of the impurities are removed. 
Following collection in a 5,000-gal 
stainless-steel tank, the water is re- 
circulated back to the primary loop. 

The blow-down rate is a function 
of the corrosion rates, the primary 
system surface area, the volume of 
the system and the purification effi- 
ciency of the demineralizers. For the 
stainless-stee] reactor, the blow-down 
rates will be higher during initial 
operations when corrosion rates are 
higher. After stabilization of corro- 
sion rates, the blow-down will then 
vary as the demineralizer effluent 
changes. The corrosion rate in APPR 
is expected to average around 0.05 
mg/cm?/month. 

The blow-down rate can be calcu- 
lated by the following formula 

rA 


2,720(¢ — y 


R 


where R blow-down rate in gal/hr 

z = corrosion rate in mg/cm?/month 

A exposed surface area, cm? 

c = purity of primary water, ppm 

7 primary make-up water, ppm 

In the APPR, for example, the sur- 
face area is approximately 4,000,000 
cm? and the primary-water purity 
specification is 2 ppm 

Although the activity of the blow- 
down if diluted with the condenser dis- 
charge would be below accepted toler- 
ances, the activity of the impurities 
removed from the water and concen- 
trated in the demineralizer becomes sig- 
nificant. Therefore, the demineralizer 
must be shielded to prevent radiation 
hazards to operating personnel. 

In conventional operations, the 
mixed-bed resins are regenerated after 
they have been exhausted. With 
resins containing large quantities of 
radioactive constituents, however, re- 
generation is not practical. There 
would be a problem of disposing of the 
large volumes of contaminated regener- 
ating chemicals and water. The re- 
generation operation itself would be 
prohibitively complicated because of 
the radioactivity 

For these reasons the demineralizer 
units for the APPR were designed to 
be inexpensive enough so that both 
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experience 
pare es 


Wi" more than four years of successful experience in fabri- 

cating uranium alloys, zircaloy components, control rod 
drive mechanisms, fuel plates, etc., the L&S Machine Company 
Inc. concentrates on reducing costs. L&S Inc. is an accredited 
AEC Accountability Station staffed with 'Q" & "'L" cleared per- 
sonnel. Whether your fuel processing plans are immediate or for 
the future you may want to take advantage of the cost savings 
inherent in our operations. As an added measure, to expand 
our capability in the nuclear field, L&S Inc. has retained the 
Nuclear Science and Engineering Corporation of Pittsburgh, 


Penna., one of the country's leading consulting firms. 


gives you lowest cost 





INQUIRIES FOR FIRM 
PRICE QUOTATIONS 
PROMPTLY ANSWERED 


Write or contact Department T-4 


L&S MACHINE CO. Inc. 


BOX 317, R.D. 2 * LATROBE, PENNA. 
Phone GReensburg 6270 
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AMctiwe ‘tracers’ 


Several hundred isotopically labelled compounds are now produced regularly at 
Amersham, They include an unrivalled range of materials needed for tracer 
work in biology, pharmacology, medical diagnosis and therapy, and in many 
technical applications of chemical product pesticides, weedkillers, hormones, 
and the like. 


Most of these substances can be supplied from stock—or in the case of short- 
lived isotopes, at reasonable notice—and their specific activity and chemical 
purity are generally the highest available today. 


Some examples from our current production are ; 


Compounds of Dapsone S35 
Pharmacological Thiosemicarbazide-S 3 5 
Interest : Sulphobromophthale in-53§ 
Dimercaprol (B.A.L.)-S35 
6-n-Propylthiouracil-S 3 5 
Tetraethy! pyropho: phate P32 
Di-iodofluorescein-I1 31 
Rose Bengal-I131 
Diodone 1131 
Human serum albumin-I131 
Sodium aurothiomalate-Au198 
n-Amylmercuric chloride-Hg203 


Rubber Thiocarbanilide-S3 5 

additives : Potassium dimethyldithiocarbamate-S 3 5 
Tetraethylthiuram disulphide-S 3 5 
2-Mercaptobenzthiazole-S 3 5 
Benzthiazy! disulphide-S3 5 


Write for further information ¢ 
a We RADIO Be -we & CENT 


AMERSHAM BRU‘¢ ING AMS HIRE ENGLAND 





TAS RC.22 





TABLE 2—Demineralizer Activity 
Half-life Activity 


lron-5¥ 16 days 
Iron-55 2.9 yr 
Chromium 26.5 days 


Cobalt-60 5.2 yr 


* The activities shown are for 24 hr after 


hutdowr 





the resin and the container could be 
discarded, The unit is approximately 
12 in. in diam. and 36 in. high; it con- 
tains about 2 ft® of mixed resin. The 
construction material is type 302 stain- 
less steel for the head and shell and 
304 stainless for the tubing and fittings. 
The inlet and outlet pipes, which pro- 
trude from the top of the container 
have been fitted with quick disconnect- 
ing fittings to permit rapid removal and 
assembly 

The corrosion products in APPR are 
primarily insoluble oxides of iron 
nickel and chromium, although other 
impurities such as compounds of man- 
ganese and cobalt are also present 
Normally, most of these products 
could be removed by filtration and 
resin life could thereby be extended. 
Unfortunately, most present-day filters 
become clogged easily and require fre- 
quent backwashing To avoid the 
problem of handling backwash water 
containing radioactive nuclides, it was 
decided to use the demineralizer as 
both a filter and an ion-exchange unit 

4 commercial ion-exchange material 
was sought that would produce good 
results and yet permit high operat- 
ing temperatures. Unfortunately, no 
commercial mixed-bed resin can satis- 
factorily withstand temperatures above 
140° |] The resin selected is a mix- 
ture of a sulfonic-acid-type cation ex- 
changer in the hydrogen form and a 
trongly basic anion resin in the hy 
droxyl form. The resins are specially 
treated by the manufacturer to remove 
iny soluble organic contaminants pres- 
ent As received, the resins are in the 
regenerated hydrogen and ,hydroxyl 
forms, respectively, and have a mini- 
mum capacity of 12. kilograins/ft* 
calculated as CaCO This prepara- 
tion by the manufacturer tends to 
guarantee a minimum leakage of water 
soluble material from the resins, 

By estimating the probable activi- 
ties that would be removed by the 


demineralizer, the units have been 
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88% TRANSISTORIZED 


Only 8.3 cu. ft. 

e Low power consumption—120 watts 
No ventilation problems 

Unit construction 

e Semi-portable (150 Ibs.) 


eer 2 ©) VERSATILE DATA 
acs" | [Sn | coos PRESENTATION 
| . | « Oscilloscope display 
Binary count manual readout 
Accessory readout devices: photo recording 
camera, strip chart recorder, 
electric typewriter, punch tape 








BENDIX OFFERS THE CHALK RIVER 


NICASONTER 


smallest 100-channel pulse height analyzer available 


Chis is the analyzer recently developed by Atomic Energy discussed in the following references: F. S. Goulding, 
of Canada, Ltd. The Cincinnati Division of Bendix “KICKSORTER DEVELOPMENTS AT CHALK RIVER” in Mult- 
Aviation Corporation has been licensed to manufacture channel Pulse Height Analyzers, National Research Council, 
and market the analyzer in the United States. Magnetic- publication 467, pgs. 86-94; F.S. Goulding, ‘some TRANSIS- 
core storage is provided for 100 fixed adjacent channels, POR CIRCUITS USED IN MAGNETIC CORE TYPE KICKSORTER”, 
each having widths from 0.03 to 0.3 volts. With the 1956 IRE Convention Record, part 9, pgs. 76-81 
biased-off window amplifier and a 30-volt spectrum, Cincinnati Division, 3130 Wasson Rd., Cincinnati 8, Ohio 
1,000-channel analysis can be performed. Average dead- Gunes: Qendie teldenctioncs Ditdles, 900 8. ded &.. M. Y. 17.0% 

time is 5 microsec onds Design considerations have been Canada; Computing Devices of Canada, iid., P. O. Box 508, Ottawa, Ont 


Cincinnati Division Bye 
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“LINDE” M.S.C. rare gases are the purest obtainable 


Trade-Mark 


¢ Argon 
¢ Krypton 
¢ Xenon 


¢ Helium 
° Neon 


LINDE rare gases are produced under continuous mass spectrometer 
control to assure you of gases of known purity and consistently high quality. 
They are stocked at convenient locations throughout the country in glass 
bulbs and steel cylinders. LinpE, the world’s largest producer of gases from 
the atmosphere, offers the services of its technicians and engineers to all 
of its customers on their rare gas problems. 

Write for the booklet, 
on the physical, chemical, and electrical properties of these gases. 


““LINDE Rare Gases’”’ which contains information 


Linde Company 


Division of Union Carbide Corporation 


3O East 42nd Street New York 17,N. Y. 


Division of 
Union Carbide Canada Limited, Toronto 


In Canada: Linde Company, 


The term “Linde” is a registered trade-mark of Union Carbide Corporation. 





PRINTING COUNTERS 


FOR POSITIVE, ERROR-PROOF COUNT RECORDING 


Model F272 


@ A completely machined instrument with 
parts subject to wear of case hardened 
steel, hard chrome plated 

@ Exclusive parallel printing and visual 
registers yield count accumulation 
instantly and continuously 


A STURDY 
| 
| 
| 
| 
| @ Printing and resetting to zero 
| 
| 
| 
| 
| 
| 


ACCURATE AND LOK 
INSTRUMENT 

AND PRINTING EL 

On Tare simultaneously, or separately 


AUTOMATIC RE @ Counting rate 5 per sec. Reset and 
For 110 VAC or 12 and 


operation 


print I sec 
24 Vi 

@ The finest instrument of its class 
yet half the price of any other 
printing counter! 


THE MOST COMPLETE LINE OF COUNTING DEVICES IN THE WORLE 


MADE BY T OF 


p : 12128 W. PICO BLVD. 
@ LOS ANGELES 64, CALIF 


Write for our new 


| aerated condensate is used. 
| densate is 
| system after passing through the mixed- 


| would 











for approximately 
The esti- 


mated activities are shown in Table 2. 


sized to operate 


3 months before disposal. 


To meet ICC regulations, shipping the 
demineralizers to the disposal area re- 
quires about 4 in. of lead shielding. 
To minimize corrosion in the primary 
system, oxygen is held as low as possi- 
ble. the system by 
in-leakage the 
water. 


Oxygen enters 


and dissocia- 


While the 


reactor is in operation the hydrogen 


from 
tion reaction of 
concentration is maintained at 15 to 
45 cm*/liter of water to minimize water 
dissociation. Hydrogen is admitted to 
the 5,000-gal make-up water tank to 
maintain a blanket of gas over the tank. 
During initial fill and startup when no 
radiation field is present, hydrazine is 
added to the primary water to scav- 
enge oxygen. 

A micrometallic 
downstream of the demineralizers to 


filter is located 
collect any resin leaving those units. 
The 304 stainless-steel filter elements 
will remove all particles larger than 
If during operations the 
the 


7 microns. 


filter does not appear necessary, 
water can be by-passed around it. 

Control-rod-seal water is supplied by 
the primary The 


water is collected in a seal leakage sys- 


make-up pumps. 
excess of 
hydrogen to inleakage. 
Should additional make-up water be 
required for the primary system, de- 
The con- 


primary 


tem, which maintains an 


prevent air 


admitted to the 
bed demineralizer. 

fuel 
rupture extremely 
Should, however, a fuel element clad- 


The possibility of a element 


appears remote, 


damaged and _ fission 
the 
provisions have been made to contain 
If the primary blow-down 


radio- 


ding become 


products enter primary water, 
the wastes. 


water were to show excessive 


activity, it would be automatically 
diverted to a 5,000-gal underground 
tank. 
tion of all the primary water, provisions 
remove the 


damaged fuel element and dispose of 


carbon-steel Following collec- 


then be made to 
the radioactive wastes 
Other than the two demineralizers 
and the filter, all other equipment in 
the primary blow-down or purification 
This feature 
has not only permitted cost savings but 


system has no shielding. 
has also minimized building size 


Secondary Water Treatment 


Comparison of a conventional power 
plant’s secondary system with that of 
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FORECASTING CORE PERFORMANCE 


A nuclear power plant requires exact knowledge and 
control of the quantity and arrangement of the 
nuclear fuel. To determine precisely the operating 
nuclear characteristics and performance of B&W’s 
full scale reactor cores, the company maintains a 
critical experiment laboratory at its specialized 
nuclear research facilities in Lynchburg, Va. 

Critical experiments are conducted at virtually 
zero power, permitting economical, safe analysis of 
the proposed fuel cores and the gathering of nuclear 
data for their final design. Flux distributions in the 
reactor core are measured with foils of different 
elements which become radioactive under neutron 
bombardment. 

In this way, the calculations of physicists and engi 
neers can be confirmed or modified; optimum quan- 
tity and arrangement of fuel elements and control 
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rods can be determined; the core’s ultimate power 
distribution, safety and stability can be established; 
and a more accurate forecast of the conversion ratio 
and reactivity lifetime of the core is made possible. 

This privately-financed critical test laboratory is 
just one example of B&W’s investment in facilities, 
engineering, and research to put nuclear energy to 
work constructively and economically. The Babcock 
& Wilcox Company, Atomic Energy Division, 161 
East 42nd Street, New York 17, N. Y. 


BABCOCK 
& WILCOX 


4, My k- 
A ge ake ae ee! — 
rennin  & aS — 


ATomic 
tneRGY 
DIVISION 


| ee aeale ad 





| ¥ Fansteel Metallurgy 


$86,000 per year SAVED BY SWITCHING TO 
FANSTEEL MOLYBDENUM FORGING 


One company has made say 
ings up to $86,000 per year, 
just because Fansteel’s re 
sponsibility to a customer 
does not end with delivery 
of the order. It happened 
this way: 


An electronic tube manufac 
turer specified Fansteel high 
purity molybdenum for the 
cathode cones used in cer 
tain types of tubes, The cones 
were at first produced by com 
pletely machining them from 
Fansteel large diameter 
molybdenum rods in the cus- 
tomer’s plant. 


While this machining method 
was proving satislactory, 


Cathode cone parts produced trom Fanstee! 
Fanstee! Fabricating Plan 


Fansteel engineers felt that 
forging these parts would re 
sult in substantial savings 
With the cooperation of the customer, Fansteel engineers developed a tech- 
nique for hot forging the base of the cone from a short molybdenum rod. The 
part is finished by machining and drilling. 


This manufacturer immediately turned over to Fansteel the entire job of pro- 
ducing this part. The piece is forged and machined in Fansteel’s completely 
equipped, modern fabricating plant. Strict quality control in all of the ‘steps 
from the processing of the raw material to the finished part guarantees meeting 
the customer's rigid specifications 


SAVINGS 

resulted in $7,200 saving per month or 
$86,400 per year. 

Additional benefits resulted because the cus- 
tomer was relieved of concern for rejects and 
meeting schedules and was able to release 
machines and personnel for other work. 


Previous method of machin- 

ing complete part . $15.00 per part 
F and finish machin- 

ing in Fansteel plant. . - 10,20 per part 
SAVING PER PART ..$ 4.80 


Average monthly production of 1500 parts 





This is another typical example of how the combined experience and teamwork of 
Fansteel research scientists, metallurgists, designers and field engineers can result 
in substantial savings for users of molybdenum and other Fansteel refractory metals. 


The true story reported here is typical of the news 
and technical comment contained in our publication, 
FANSTEEL METALLURGY. We'll be glad to 
place you on our mailing list; all we need is your 


name and addre $8, No cost or obligation naturally 


pnsTee 
sit ta 


é 
> 


NORTH CHICAGO, ILLINOIS, U.S.A. 


f, ( 
Mversary © 


a nuclear power plant shows them to 
The main difference 
Whereas 


boiler-tube failures in a conventional 


be very similar. 
seems to be in the boiler. 


power plant are certainly undesirable, 
in a nuclear plant the possible effect of 
such failures is much more serious 
Should a leak or tube failure occur, 
radioactive primary water will enter 
the secondary system resulting in an 
radiation hazard to 
If the boiler is 
used to supply steam for building heat, 


accompanying 


operating personnel. 


the radiation problems become even 
more serious 

Compared with conventional power 
therefore, the water 
the sec- 


plant practice 


treatment requirements ol 
ondary water system are much more 
stringent. In particular, the possibil 
ity of chloride stress corrosion re quires 
careful control of the chloride concen- 
tration. The 


control imposes severe restrictions on 


necessity for chloride 


the construction and operations of the 
APPR, the 
concentration has 

With a nominal 


the feedwater 


secondary system In 
allowable chloride 
been set at 0.5 ppm 
blow-down rate of 1%, 
must not exceed 0.005 ppm chloride 
if the 0.5-ppm limit is to be maintained 

After startup conditions have been 
achieved, very little makeup is required 
for the secondary system. The only 
make-up water required arises from 
the amount necessary to replace 
blow-down and unaccountable leakage. 
Careful control will be maintained dur- 
ing initial operations to prevent exces- 
sive buildup of chlorides in the boiler 

Make-up water will be prepared from 
wells having a hardness of 45 ppm as 
CaCO, and 85 ppm total dissolved 
solids of which 8.5 ppm are chlorides 
rhis water will be used principally as 
feed for an evaporator. [The evapora- 
tor is a flex-tube (thermal descaling 
type having an over-all capacity of 
approximately 2,150 lb/hr, of which 
100 |b/hr will be used for the preheater 
deaerator.| The distillate from the 
evaporator will not exceed a total solids 
content of 1 ppm, of which the chloride 
content will approximate 10%. Since 
the makeup is only 1%, when the distil 
late is mixed with the condensate, the 

d to the boiler will be below 0.005 
ypm chloride 


Normal power plant practice pro- 


s both filtration and softening prior 


iporation Such procedure Is 


onsidered sound in ordinary power 


t operation, but certain disad 
vantages arise for use in package power 


ictors to be located in remote facili- 
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either 
require 
back- 


difficulties with their use are 


Although operation of 


or softeners does not 


ve time or technical 
Along with the in- 
the 


of regenerative chemicals in remote 


nceommon 
d maintenance problems 


fa ities is to be avoided, Conse- 


quently, a thermal descaling evapora- 
selected so that a substantial 
both 
operational problems is achieved. 

Che 


the « 


ction in equipment and 
distilled water produced from 
aporator is stored in a 5,000-gal 
tank and is used for many purposes. 


The 


ondary system, (a 


uses include, besides feed for the 
make-up water 
primary demineralizers, (b) 
the 


coolant for shield water, and 


nt for primary circulating 
vater for spent-fuel pit. 

als used to control the sec- 
follow 


yater composition or- 


power-plant practice. A de- 

hot 
ng 0.03 em* of oxygen per liter, 
this 


boiler 


well produces water 
further reduce amount, 
fed to the feed. 


the addition of hydrazine not 


ible, sodium sulfite can also 
To seavenge CO. a mor- 
idded to maintain the pH of 
nsate return at approximately 


16,000 gal of water are 
the 


cone 
The 
rculated periodically through 


spent-fuel pit. 
vceous earth filter to prevent 
coming dirty, cloudy or cone 


d with algae. 
Chemical Analyses 


During initial startup and precritical 


operations extensive sampling and 
is required on both the pri- 
d secondary systems and nor- 
sis is required on the other 
tems 

periods radiochemical 
3 shows the constituents 


APPR along with 


of limits 


Pable 
inalyzed by 
| range 
tablished methods were found 
ite to meet many of the lower 
mits. This being true espe- 
gas analyses, new methods 

An example of a 
loped method is that for 


Hydrogen is measured by 


cle elope a 


standard Orsat technique 
des sufficient accuracy In 
irange of gas concentrations 
heric pressure where the gas 
the 


solution sO 


s conducted, much of 
remain in 


t tv stripper d from the water 
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before satisfactory measurements can 
The 


veloped for this purpose eliminated the 


be performed equipment de- 
use of high vacuum apparatus, 

The method is based upon a liquid- 
vapor extraction column operating in 
a fixed volume at reduced 


The 


densable gases are 


pressure, 


hydrogen and other noncon- 


stripped from the 





TABLE 3—APPR Chemical Analyses 


Analysis Location Nérmal limites 


Chlorides Primary 1.0 ppm 
secondary 

Oxygen Primary, 1.0 em*/liter 
second iry 

Hydrogen Primary 30 em*/liter 

Total solid 

Total solid 

Total dis- 

solved solid 
Total dis- 


solved solid 


Primary 2 ppm 


1,000 ppm 


Secondary 


Primary 2 ppm 


Secondary 1,000 ppm 


Hydrazine Primary 0.5 ppm 
secondary 

Iron Primary, 1.0 ppm 
secondary 

Cobalt Primary 

Nickel 


Manganese 


0.1 ppm 


Primary 0.5 ppm 


Primary 0.5 ppm 


Chromium Primary 0.5 ppm 


pl 


Primary, 
secondary 


Conductivity Primary, 


secondary 


Phosphate Secondary 10 ppm 


Sulfite Secondary 0-10 ppm 


Hydroxylion Secondary 0-10 ppm 


Ammonia Primary 0-0.5 ppm 





liquid, The gas extraction 1s possible 


as a result of the reduced solubility of 
hydrogen at the lowered partial pres 
sure, which is accomplished by dilution 
the maintenance of low 


The 


pressure at the end of the extraction is 


with air and 


total pressure. hydrogen partial 


about 10 mm and after compression to 
100 ml is about 40 mm At these pres 


sures extraction is about 09.6% 


complete, 


The autho wknowledge the 
many sugge offered hy Dy 
J. L. Meem, form ef reactor acientiat fo 
1LCO Products, 11 / now a 
to the company ’ design and de 
ment of the APPR eatment ayatema 
dD Weem ia no sor of nuclear engi 
ing at the U naive / 0 i 
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TURCO 
OPENS 
LOCKED 
DOORS 
with 


answers 
for your 


DECONTAMINATION 





Whether it’s the removal of 
hot spilis from floors, the 
decontamination of hot cells, 
or the simultaneous removing 
of scale and radioactive con 
tamination from reactor heat 
exchangers, chances are you'll 
find the answer to your decon- 
tamination requirements in 
the complete Turco line. Turco 
manufactures tested and 
approved chemical compounds 
and equipment for cleaning 
and decontamination of all 
types of equipment in atomic 
energy plants. Turco decon- 
tamination compounds and 
equipment are currently being 
used to clean and remove 
radioactive contamination from 
the following equipment: 


@ CLOTHING AND SHOES 

@ BUILDINGS 

@ LABORATORY EQUIPMENT 
e TOOLS 

@ STORAGE TANKS 

@ REACTORS 


& 


For more complete 
information, see page 106 
of the June, 1957, issue 
of Nucleonics or write for 
full technical information 


TURCO PRODUCTS, INC. 


Chemical Processing Compounds 
6135 Se. Central Ave., Los Angeles |, Colif 


FACTORIES, 
MEWARK, CHICAGO, HOUSTON, LOS ANGELES, 
LONDON, FOTTEROAM, SYONEY, MEXICO CITY 
HAMBURG, FARIS, MONTREAL, Hana loninawa) 

MANUFACTURED IN CANADA BY &. W. DEANE & CO 
OFFICES 1% ALL PRINCIPAL CITIES 


fs 
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SCINTILLATION 
PHOSPHORS 


Nuclear Enterprises, pio- 
neers in scintillation count- 
ing since 1949, now offers 
the following types of new 
products for scintillation 
detectors. 


PLASTIC PHOSPHOR 
NE 102 


Varied applications include— 
@ Blocks for human body counters 


@ Slabs for cosmic ray and fast particle 
detectors. 


@ Thin sheets for alpha and beta counting. 
@ Cylinders for gamma and fast neutron 
detectors. 

This new plastic scintillator possesses ex- 
tremely high light output and short decay 
time, and combines superior performance 
and high counting speed with maximum 
efficiency and economy. 


BORON POLYESTER 
NEUTRON DETECTOR 
NE 400 


For new simplicity and 
neutron detection. 


efficiency in 


This is @ new boron polyester composi- 
tlon containing ZnS (Ag) activator. It 
provides high detection sensitivity with 
an excellent neutron to gamma response 
ratio. Supplied in thin discs with or 


iO) 


without enriched 8”. 


OTHER NEW PRODUCTS 


@ Loaded liquid scintillators containing 
Pb for X-ray and high energy gamma 
sensitivity and Gd, 8B, of Cd. for 
neutron detection. 

@ Scintillating gels for efficient internal 
counting of suspended materials 

@ Scintillation chemicals of highest purity 


where research COUNTS 


enterprises lid. 


1750 Pembina Highway 
WINNIPEG 9, CANADA 


Associate Co.: 
Nuclear Enterprises (G. 8.) Lid 
Bankhead Medway, Sighthill, Edinburgh 11, Scotland 
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Rod Drives for Water Reactors 


A major component of most reactors 
drive. In water 
moderated and -cooled reactors such as 
pressurized-water and boiling reactors 
the drives must perform satisfactorily 
under various temperature and pres- 
sure conditions in an environment of 
hot water or steam. The main prob- 
lems in designing these drives are cor- 
rosion, sealing, and fast insertion 
(scram) 

The corrosion problem is normally 
solved by the use of such corrosion 
resistant materials as steels 
(types 304, 316, 347, and 17-4PH), for 


many of the component parts such as 


stainless 


shafts, guide rollers, pressure tubes, 
ete.; stellite, for 
bearings and the balls in roller bear- 


bushings in linear 


ings; and Inconel or Cobenium, for 
spring materials. 
last 


scram problems normally go together. 


The sealing. and insertion or 
Under a scram condition it is usually 
preferable that absorber safety rods be 
inserted quickly into the reactor under 
the force of gravity although they may 
be assisted by other forces due to hy- 
draulic cylinders or preloaded springs 
To accomplish this, the inertia and 
friction of the system 
attached to the 
must be kept as small as possible 
This that the 
through low-friction seals or 
that as 
5\ stem iis possible be dis onner ted from 


the rod A 


some of the types ol rod drives that are 


drive 


remains safety rod, 


requires rod work 
without 
much of the drive 


Be als and 


brief review follows on 
currently being used or being tested for 


use in water reactors. 


1. Canned Motor Drive 


Nau- 
tilus and for the Shippingport Reactor, 
PWR, are of the canned 
type (J, 2). In the PWR 

operated at a pressure of 2,000 psi and 
542° F, the 
thimbles on top ol the reactor pressure 
shell 


using a 


The drives for the submarine 


motor 
which is 
rods are enclosed in 
The seal problem 1s solved by 
the 


stator by 


canned motor wherein 
rotor 1s separated from the 
a nonmagnetic cylindrical can capable 
the 


prototype 


of withstanding reactor design 


pressure. The mechanism 

* Excerpted from ‘Power Reactor Tech 
nology--A Summary of Recent Develop 
ments" prepared by Dr. Walter H. Zinn and 
associates of the General Nuclear Engineer 


ing Corp, under AEC contract 


which. 


corrosion resistant materials 


The latch 


consists of a 


uses 


throughout. and scram 


mechanism 2-arm col- 
lapsible mechanism, actuated electro- 
magnetically, in which the drive nuts 
are disengaged from the lead screw 
during a scram allowing the rod and 
lead screw assembly to fall free under 
the force of gravity and a preloaded 
acceleratingspring. Therodisdamped 
at the end of its stroke by a water 
dash the 
There being no seals, this system has 


pot inside pressure vessel. 
no normal leakage and friction is very 
low 


A second 
being studied as a possible replacement, 


drive mechanism (3) is 


for the original mechanism. It con- 
sists of a fixed roller nut and a lead 
screw that is continuously engaged to 
lead 
through the roller- 


the motor rotor. On a scram the 


screw must drive 
nut assembly under the force of gravity 
assisted initially by a spring-operated, 


The 


scram speed of this type of mechanism 


fluid-coupled kicker mechanism. 


is substantially slower than the proto- 
hot 


this mechanism oper- 


type discussed previously. In 
autoclave tests 
ated without a failure for 5,624 cycles 
and 2,006 scrams 
In both of these 
motor temperature is kept at approxi- 
mately 200° F by 
the 


vantage ol 


drives the canned 


cooling coils built 
The 
this system is the high cost 


into motor main disad- 


of the canned motor drive. 


2. Rotary Seal Drive 

a. The Army Power Package Reac- 
tor (APPR) is a 
reactor operating at 
150° F (4). 
pinion drives mounted on the bottom 
of the The 


pinion is driven by a commercial gear 


pressurized water 
1,200 psi 


It makes use of rack and 


and 


reactor pressure vessel. 
motor through a labyrinth type, low 
seal. 
the 
the 


high pressure side of the seal, the small 


friction, high rotary 
the 


primary 


pressure 


make-up water for 


since 
system is introduced on 
amount of leakage through the seal is 
uncontaminated water that is 
the primary- 
blowdown water. The mate- 
the 316 or 347 
stellite balls for 
external 
connects the 

When this 
the 


largely 


processed along with 


system 
used are 


rials again 


stainless steels and 
bearings. An 


clutch 


the rotary 
electromagnetic 
gear motor to the drive. 
clutch is 
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de-energized rod is 





allowed to scram under gravity, rotat- 
ing the pinion assembly while falling. 
A water dashpot is used to damp the 
rod at the end of the stroke. 

rhis reactor has been operating inter- 
mittently since its dedication without 
any trouble having been reported on 
the rotary-seal system. 

b. Another reactor, the Argonne Low 
Power Reactor (4, 6), also is designed 
to use a rack and pinion drive working 
through a rotary seal. This drive is 
mounted on top of the pressure vessel. 
The seal is of the labyrinth type, which 
is kept cool by introducing cooling 
water on the high pressure side of the 
seal and collecting the leakage on the 
low pressure side. During a scram, a 
magnetic clutch is de-energized, dis- 
connecting the pinion shaft from the 
drive system and allowing the safety 
rod to drop under gravity assisted by 
a preloaded accelerating spring 


I 


3. Linear Seal Drive 


a. The Experimental Boiling Water 
Reactor (7) is a boiling water reactor 
that operates at 600 psi and 489° F. 
Control rod drives for the reactor are 

nted on the bottom of the reactor 
rods are positioned by motor 
crew and nut assemblies, The 
ntegral with a carriage, which | 
the control rod extension rod | 
electromagnetically coupled to | 


ew. The chrome-plated exten- | 


x1 passes through a labyrinth | 
pressure breakdown), high pres- | 
friction linear seal. A nylon | 
ushing is used to align the ex- | 
rod as it passes out from the | 
or through the seal. 
originally intended that the | 
ild be kept cool (110° F) by | 
introducing a small amount of feed-| 
water to the rod thimble equal to the 
leakage from the seal. However, in 
operating the reactor, it was found that | 
th ooling water caused a drop in the | 
lower-vessel head temperature, which | 
could be troublesome from the thermal- | 
shock hazard (8 Since the average 
leakage rate for these seals is very | 
sma ind since the operating tem- | 
perature, without cooling and at nor- | 
mal reactor power, of the thimbles was | 
0° F, the forced-cooling-water | 
| probably beeliminated and 


ermittant leakage makeup system 


rods are scrammed by de-| 
rgizing the carriage nut-latch mag- 
ng the rod from the screw, and 
ving the reactor pressure, as well 





.ccelerating spring, to drive the 
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LOW COST WASTE DISPOSAL 


SERVICE AS NEAR AS YOUR PHONE 


In conformity with ICC regulations, Nuclear Engi- 
necring Company, Inc. will accept any and all radio- 
active waste material packaged and sealed in steel 
drums (surface intensity less than 200 mr/hr) fob 
Oakland, California. Nuclear Engineering Company, 
Inc. has been licensed by the AEC to collect and 
package radioactive waste (byproduct, source and 
special nuclear materials) for sea disposal. Detailed 
information available upon request. 


NO PROCESSING 
BY CUSTOMER 


PICKUP ANYWHERE 
IN U.S.A. 


ae 


Phone: Yellowstone 5-6150 
Walnut Creek, Calif. 


NUCLEAR ENGINEERING COMPANY, INC. 


2600 NORTH MAIN STREET, WALNUT CREEK, CALIF. 


BASE METAL WIRES... Very small 
diameter — for filaments, thermo- 
couples, resistance units. 


PRECIOUS METAL WIRES... 
Produced in Platinum, Gold, alloys 
and pure metals — small diameter 
..+Platinum alloy resistance wires. 


COATED WIRES... Comprising an 
extensive range of electroplated grid 
wires... Enamel insulated wires for 
precision resistors, potentiometers. 


ANODIZED ALUMINUM WIRE... 
Insulation at 800°F .. . Precision 
drawn to close resistance in the 
smaller sizes 


Write for List of Products 


Serving Industr for Over 56 Year 
y 


SIGMUND COHN CORP. 


121 SOUTH COLUMBUS AVE., MOUNT VERNON, N. Y 





extension rod through the linear seal; 


& the friction of this seal is low enough 
that the rod will scram with gravity 
only. An external hydraulic dashpot 
is used to damp the rod at the end of 

Gee gee er 


its stroke. A second internal water 
dashpot is incorporated inside the pres- 


sure vessel to prevent damage to the 
control rod in case of failure of the 
external dashpot. 

type Experience to date (8) with this 
drive has been satisfactory except for 


some difficulty with the nylon guide 
VALVES and FIT TINGS bushing above the seal. Iron dust 
accumulated in the 0.0017-in. radial 
clearance of this bushing causing the 


Tubing ... Check Valves... Line Filters sal to Wed oh dui. penis aeeaeion 
Blowout Assemblies This trouble was eliminated by increas- 


ing the radial clearance to 0.0076 in. 

b. The Dresden Nuclear Power 
Station (9, 10), which is a boiling water 
reactor designed to operate at a pres- 
sure of 1,000 psi and temperature of 
544° F, makes use of hydraulically 
driven control rod drives mounted on 
the bottom of the pressure vessel. The 
hydraulic fluid is water, which is 
integral with the water in the reactor, 
and the piston operates through a 
packed linear seal. Positioning of the 
rod is determined by a motor-driven 
stop against which the rod is held by 
maintaining pressure on the up side 
of the piston. Scramming of the 
reactor 18 accomplished by removing 
the normal driving pressure and 
pressurizing the down side of the pis- 
tons by hydraulic accumulators, 


4. Magnetic Jack Drive 


\ different approach to safety-rod 
drive systems is the use of linear-type 
electric motors of the incremental 
motion type Many such linear mo- 
tors have been experimented with, but 
most have been unsatisfactory in oper- 
ation. Recently ANL has revealed a 
magnetic-jack type of electromagnetic 

For FAST Assem bly drive, which shows some excellent 


promise as a control rod drive for water 
a i G ef p R e SS U be E reactors. Since this was described in 
a recent issue of NUCLEONICS (/1/), It 
S t will not be described further here 
" Full text available from Industrial Infor- 
Pressures to 10, 000 p. S. iP mation Branch Technical Information 


Service, U.S. Atomic Energy Commission, 


Washington 265, D. ¢ 


Send for New Catalog G-2 
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PWR-Core Mockup 
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Actual-size mockup of PWR 45 ft high 
and 10 ft dia is used by Westinghouse 
engineers at Bettis to determine shape 
and configuration of pipes, cables and 
components to be installed at Shipping- 
Built of wood, plastic and 
model is strong enough to 
tons of material in its 
One side is open to permit 
enter. At top are seen 
devices for checking 
operation; below (larger open pipes) 
are refueling ports. Three of 42 bolts 
pressure vessel's head are 
shown; each is almost 7 ft long (cf NU, 
Dec. ‘56, 26). Long tubes (‘‘shrouds’’) 
to left of man crouching on upper grid 
plate will contain control rods; to left 
of man standing on lower grid plate 
are movable dummy fuel elements 
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FIG. 1. Effective cutoff energy as a function of absorber coefficient for various 
cadmium thicknesses 


Absorber Coefficient No loy»/t ' (ey) 


Effective Cadmium Cutoff Energy 


By |. E. DAYTON* and W, G. PETTUS 
tiomic F nergy Du on 

The Babcock & Wilcox Co 

Lynchburg, Virginia 


CADMIUM is commonly used in neutron — of energy less than F Ey and trans 
transmission and activation experi mits all neutrons above this energy 
ments as an absorber for thermal neu If the scattering cross section of the 
trons. Its high thermal cross section imple is small compared to the ab- 
(about 2,500 barns) combined with an sorption cross section, the number of 


absorption resonance at 0.178 ev pro ibsorptions per unit area of the sample 


duces an excellent high pu filter / will he proportional to 
filters is generally taken ho be between \ ros I » E.u)o. RE ” 
0.4 and 0.5 ev (2). We derive here 


more precise values (see Figs. 1 and 2 dy 


The effective cutoff energy of cadmium . 


EK 


dzdE 
a 


Effective Cutoff Energy 

To arrive at a precise definition of where wu = cos @ (6 is the angle be- 
cutoff energy, consider first a perfect tween the neutron path and the nor- 
filter—a filter that absorbs all neutrons mal to the surface), z is distance into 


“27 ' the sample measured along the normal 
* Present appress: Dept. of Physi 


Swarthmore College, Swarthmore, Pa, 
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to the surface, o,(F) is the absorption 


cross section of the sample \, is the 
itomic density of the sample and 
¢( Ey) stands for incident neutron flux 
The limits of integration for uw and z 
ire chosen appropriate to the geometry 
it hand 

When a cadmium filter is substituted 
for the perfect filter, the low-energy end 
of the flux spectrum incident on the 
sample is distorted as shown schemat- 
ically in Fig. 3. If Huy energy of 
thermal neutrons, o.(#) = absorption 
cross section of cadmium, NV, = num- 
ber of cadmium atoms per unit volume 
ind ft thickness of cadmium filter 
then the number of absorptions per 
unit area In @ sample behind a cadmium 


filter will be proportional to 


ip 
V a I el Ewe 
N at 
On Ee 


The effective cutoff energy for a 
cadmium filter is defined as the cutofi 
energy of a perfect filter that allows 
the same total number of absorptions 
in a sample as the given cadmium filter 
In other words, the effective cutoff en- 
is that value of 2» which makes 


erg 


iq. 1 equal to Eq. 2." 

It follows that the effective cutoff 
energy is a function of cadmium thick- 
ness, neutron flux spectrum and angu- 

ir distribution, and sample material, 
size and shape. At first it appears 
fruitless to define the effective cutoff 
energy in a way that makes it a fun 
tion of so many other variables, how 
ever, it turns out that the preceding 
definition is actually very useful. The 
problem that most frequently arises is 
the determination of fractional activa 
tion or self-shielding in a thick sample 
behind a cadmium filter. By using 
the above definition of effective cutoff 
energy, the problem can be separated 
into two parts: 

1. Determining the fractional acti- 
vation in a thick sample behind a per- 
fect filter (3), and 

2. Determining the effective cutoff 
energy of the cadmium filter that gives 


the same activation 


Application to 1,” Absorber 


Cadmium filters are primarily used 


when irradiating samples in a nuclear 


*Although the effective cutoff energy 
us defined here is not the same as the 
energ at which one-half the incident 
neutrons are transmitted, the “ 50%-trans 

energy can be used as a rough 


ippr yXimation, 
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reactor or in the beam from a reactor. 
are slowing down from 

about 2 Mev 
thermal 


The neutrons 


on the 
(about 


ission energies 


average to 


energies 
0.025 ev) and the spectrum is given by, 
or is assumed to be given by, g(E)dE « 
For irradiations taking place 

nterior of the reactor the angu- 
listribution is assumed to be iso- 
Beam irradiations are charac- 

i unique angle of incidence 

he exception of some cases to 

entioned later, the concept of el- 


cutoff energy is most needed 


dealing with 1/v absorbers, It 
enient to represent the absorp- 
o\k 
k 


is the cross section at energy 


0. fk) 


section by 


Substituting the above expres- 
nto Eqs. 1 and 2 and specializing 

ise of isotropic flux incident on 
of thickness / gives the follow- 


qu ition to be solved lor EK, 


dzdu dk 


dzdu dk 


rical work that follows 
taken as 10 Mey, but in 
work infinity could be used 
introducing any error. A 
ir expression for beam irradiations 
obtained from Eq. 3 by setting 

ind eliminating the integration 

This entails no loss of gen 

ality, since other values of uw merely 
orrespond to cadmium and sample 
thicknesses of t./u and //p, respectively 
In sol 
introduces 
a(t In the 
a(k) was 


orption cross section O..(E) which is 


ing Eq. 3, it is convenient to 
an analytical expression for 


v ork 


taken equal to the cadmium 


reported here 


the Breit-Wigner one-level 


E, )? + b| 


are fitted to 
bout 2% in the energy region 


experimental data 


| ev with the following 

10.4, b 3.22 K 10 
0.178 ey This is equiva- 
issuming that a scattering does 
incident neutron, A 


emove an 
more rigorous treatment would involve 
integrating over the scattering angular 
distribution, but, since in the neighbor- 


hood of 0.4 ev the 
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FIG. 2. 


absorber coefficients 


How to Use These Curves 


Effective cutoff energy as a function of cadmium thickness for various 


These curves can be used to find the effective cutoff energy for a 
cadmium neutron filter shielding a 1/v absorber in slab geometry. 
The cutoff energy Ey can be obtained from either curve by specifying 
the cadmium thickness t.4 in mg/cm’ and calculating the adsorber 


N lo ,( E, 


coefficient, 


V. is the nuclear density of the absorber, 


lis the absorber thickness, and o, is the microscopic absorption 


cross section of the absorber at neutron energy FE). FE 


both isotropic and monodirectional neutron fluxes. 


in given for 


In each case the 


flux is assumed to vary as 1/E and seattering in the absorber has 


been neglected. 





tion is only a few percent of the absorp- 
tion cross section (/), scattering effects 
can be neglected 

The integration of Eq. 3 with respect 
to z can easily be carried out in closed 
form. The remaining double integra- 
tion was performed numerically on a 
digital computer, using twenty equal 
intervals in w and 200 equal intervals 
in log (Emax/F) 

Results of the 
plotted in Figs. | 


includes 


calculations are 
and 2. The range 
of parameters values ordi- 
experimental 


other 


encountered in 
Values of Eo for 


narily 


work. com- 


thickness and 


sample thickness can be had by inter- 


binations of cadmium 
polating between the curves 

The results for the beam geometry 
show, as one might expect, that as the 
sample thickness increases, the neutron 
value of Ko 


physical ex- 


spectrum hardens and the 


rises, No such simple 
planation can be given for the shape of 
the isotropic curve 

The foregoing analysis can also be 
applied directly to materials with ab- 
sorption resonances, provided the reso- 
nances are located far above the effec- 


It is only necessary 
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tive cutoff energy. 
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to consider the 1/v component of the 
cross-section and proceed as above. 
There are, however, a number of im- 
portant materials—for example, In'", 
U?** and Pu?**—that have resonances 
near the cadmium effective cutoff en- 
ergy. The results presented here will 
not be applicable to these cases, but 


| Pertect 
filter 


Cd 
filter ¥ 
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FIG. 3. Neutron transmission as a func- 
tion of energy through perfect filter and 
through cadmium filter 


the same method can be followed if the 
correct expressions for o,(2) is used. 
For In'!® the problem has been ap- 
proached experimentally by determin- 
ing the fraction of the In''® absorption 
resonance at 1.44 ev shadowed by the 
tail of the cadmium cross section (4). 
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computer 
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Official Report on Windscale Accident 
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iat any would have failed 
fuel « irtridges were 
maximum normal operating tem 
and the 

wa everal times the rate of 


Whilst the 


ne of probability rather than 


maximum rate of rise of 
al operations 


Committee of Inquiry con 


likely 
the combined effect of the 


the most cause of the 


und the high temperature 


fuel elements in the lower 
the pile n all probability 
d caps of the cans of fuel 
pushed off, and uranium 


ommittee carefully examined 
tific records taken in order to 

was possible to reconcile their 
ranium cartridges failed during 
nuclear heating, at about 11.15 
without 


ober ind smouldered 


instruments recording that some- 
toward had occurred The Com- 
( itisfied that the scientific re« 


Wednesday 
their 


during Tuesday, 


sda are consistent with 


of the accident 


Committe made a detailed 


35. The 


study of cartridges containing lithium- 
magnesium alloy a number of whic h were 
of irradiation 


in the pile for the purpose 


After evaluating the highest temperatures 
which any of these cartridges could have 
reached as a result of W igher releases fol- 
lowing the second nuclear heating and after 
studying the evidence concerning tempera 
tures at which such cartridges have been 
observed to fail the came to the conclusion 
that the cause of the accident could con 
ceivably have been the failure of a lithium- 
magnesium cartridge but that this was 
unlikely 

36. The pile 


other cartridges 


ilao contained a number of 
where various isotope for 


industrial and civil research were being 
formed The 


of these in turn and rejected the possibility 


Committee examined each 


that any of these cartridges was the cause 
of the accident 
37. Attention nto the possi 


bility that, irre ect oO i second nu 
we of Wigner 


wket of 


clear heating | 
graphite 


occurred 


energy 
which had not been annealed for some time 
and that as a result high local temperatures 
ult in the failure 


were caused, sufficient to re 


of a fuel cartridge, or a lithium-magnesium 
bustion of graph 


studied the 


cartridge, or even the cor 


ite The Committ of Inquiry 


thermocouple record laboratory data on 


the failure of cartridge md general infor 


mation Phe Committee rejected explana 


tions of this type 
3S There are verti 


il channels in the pile 


used for experiments connected with th. 


civil reactor programme At the time of 


the accident ill of these channels were 


which contained a small 
Phere 


ments either for civil or military 


empty except one 
magnet under test were ho experi 
PUrposes 
being done in the pile during the time of the 
Wigner release, except for the magnet men 


tioned in the previous sentence 


Note by the U. K. AEA 
on the Calder Hall and Civil Power Reactors 


vccident which happened at 


ould not happen with the 
with the 
Authorities 


between the 


reactor or 


reactors 
for the Electricity 
differences exist 
, Piles, the more recently designed 
Hall reactor and the still more 
1 reactors for the Electricity 

The later reactors incorporate 
ents based on the experience ob 
designing and operating the earlier 
the ( 


ilder Hall and 


reactors W ignher rele ases will be 


Klectricity 


uch less frequently The mini- 
perature of the graphite at Calder 
rmal operations is higher than the 
W indscale 


im operating temperature of the 


ling temperature at 


the t stations now under con- 


for the Electricity Authorities will 
till For this reason some an- 
the graphite will be going on 
Calder Hall 


power reactors, and the 


im the reactors 
he civil 
Wigner energy in the graphite will 
slower rate. All the 


at a much 


Vol. 15, No. 12 - December, 1957 


evidence accumulated up to the present 


time indicates that these reactors will be 


able to operate for about five years before 


a Wigner release is required Chis is being 
continuously checked by 


alder Hall 


monitoring of the 
accelerated 
DIDO 


graphite in ¢ und by 


tests of graphite in the research 
reactor 

4. When a Wigner: ase becomes neces- 
sary, it will not pre hazard because 


it can be conducter fully controlled 
conditions, viz 
(a) Whereas the 


cooled by air the ¢ 


Windscale Piles are 
alder Hall type 
reactors are cooled by carbon diox- 
ide which does not react with ura- 
nium until ippreciably 


higher 
temperatures than those at which 
In still air 


ie, the 


the air reaction starts 
uranium oOxidises reaction 
is self-heating at 350° ©; the corre- 
sponding temperature with carbon 
dioxide ia 650° C-700" C The 
Wigner 


therefore, be 


safet margin during a 
release operation will 
very much greater 


In the Windscale Piles the ait 


ULTRA-PURE 
PROCESS WATER 


completely 
automatically 


Looking for a Demineralizer effluent 
with a purity in excess of 1i5-meg 
ohms? And fully automatic operation 
on a “Packaged” unit basis? Then con- 
sult Penfield the pioneer designer 
and manufacturer of “Packaged” De- 
mineralizers for industry's most crit- 
ical needs. 

Obtainable for fully automatic op- 
eration, including the entire regenera- 
tion cycle, or for manual control, 
Penfield Demineralizers are available 
in mono-column, dual-column and 
multi-column types with flow rates 
from a few gallons per hour to 10,000 
G.P.H. and up 

Each Penfield Demineralizer is 
shipped completely assembled — ready 
for instant Operation upon simple con- 
nection with a plant's service lines 
Write today for specification sheets on 
a Penfield “Packaged” unit that will 
fulfill your requirements for ultra-pure 
process and make-up water 


An ultra-pure effivent in 

excess of 15-meg ohms 

is produced by this 

fully automatic Model 

MA Penfield Mono- 

Column Demineralizer 

When purity falls be- 

low pre-set standards, 

the need for regenera- 

tion is automatically 

signalled. The setting 

of a single switch then 

accomplishes a com- 

plete regeneration cy- 

cle, including rinsing 

and recutting in effluent when desired resistivity 
(purity) is reached, Model MA units are avail- 
able with flow rates from 200 to 5,000 G.P.H 


Special Point - of -Use 

Demineralizing System 

Each operator's 

bench is equipped with 

a T-20 Penfield Mono- 

Column unit (inset 

picture) that supplies 

up to 40 G.P.H. of 

10-meg ohms and bet- 

ter water for critical 

rinsing and make-up 

needs. Operating costs, 

remain low since the 

units’ mixed bed ca- 

tion and anion resins 

are regenerated by the Penfield SR-1 Regenerator 

(main picture) an in-plant component of this 
special Penfield Demineralizing System 


Penfield engineers often can con- 
tribute importantly to improved 
process or end-product results 
Phone, wire or write for this 
consultation service. 


PENFIELD 


MANUFACTURING COMPANY, INC. 
19 High School Ave., Meriden, Conn. 


1 





coolant i discharged nto the 
atrmosphere through a high stack 
In the Calder Hall reactors the 
irbon dioxide coolant circulates 

d cireuit The use of 
irbon dioxide 1s a coolant in a 
closed system makes it possible to 
keep the temperature generated 
by a Wigner release under close 
control by the use of the main 


cooling tans 


The scanning gear in the Windscale 
Piles is of the moving type and is 
designed to move upwards and 
downward wross the Pile dis- 
charge face At the high tempera- 
ture experienced during the Wind- 


cale accident this gear jammed 


During the past 6 years, the proven performance of the EKCO Model 1079-C Vibrat- 
ing Reed Electrometer has made it preferred by actual users, both here and abroad. 


The detection equipment in Calder 
Hall and in the Electricity Author 
Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and ties’ stations is fixed and pro 
inherent stability makes the EKCO Model 1079-C ideal for all applications involving vides a method of monitoring each 
small current and voltage measurements lement channel without 


nent Continuous monitor 


STABILITY * | mv, day-to-day 

SENSITIVITY 0.03 pwua full-scale reading @ max 1M 
RANGES 0.30, 0-100. 0-300, 0-1000 mv the fuel sheath ill be carried out 
INPUT internal, switch-controlled, 10°, 10, 10° ohm resistors while Wigner rel y ire in prog 
OUTPUT Operates with | ma or 100 my recorder ré thu providing continuous 
POWER 110/120 or 200/250 v, 40/60 cps, 40 w information about the condition 
WEIGHT Only 29 Ibs., complete with cables 0 } fuel element This will 


therefe of the integrity of 


, enable immediate remec ction 
Write TODAY for data on EKCO's complete line of nucleonic test equipment nal * - mein notes 
| with as dam 


iged { 


AMERICAN TRADAIR CORP. oe ace clin 


34-01 30th Street, Long Island City 6, N. Y. * Dept. N-12 of much improved design and 
U. S. SALES & SERVICE for experience ha hown that their 
= failure ite is much lower than the 

EKCO SLECTRONICS, LTD., Essex, England oo ltiar gg - ‘ “ee 
silure rate of the indscale ue 

clement id the rate of attack 

by carbon dioxide has been shown 

to be ver low The fuel car 

tridges for the kleetricity Author 


ties reactor will incorporate these 


Calder and further improvements 


The instrumentation and control 


Hall ter for regulating, inter aha 


the rate of pile power change m 
the Calder Hall and Electricity 
uses Authoritu reactors is much im 


ywroved over those in the Windscal 


j 
1.D.L. reactor The improvements 


will provide additional important 


Nucleonic ifeguards 
tated above the graphite in Calder 


. 1. A 
Instrumentation Hall is being periodically checked for storage 
energ ind accelerated tests of 
ergy are being carried out in the 
research reactor DIDO If these 
The illustration ] T tests should show any new tac 
shows the 
reactor gamma re is ample time to introduce 
monitor type 457A dditional safeguard eg by filling the 


ircuit with an inert gas during the 


Isotope Developments Limited, as specialists in the industrial and re- 
search application of atomic energy, are playing a part in the instrument- 

ation of the Calder Hall Power Reactor en if a fuel 
Besides specific instruments for Calder Hall, Isotope Developments are f rw of the Calder Hall type and a reac 
engaged upon an extensive programme of commercial reactor instru- 

mentation, Amongst their present projects are the Nucleonic instrument- 

ation of the Merlin” (Medium Energy Research Light Water nsnsoniee 
Moderated Industrial Nuclear Reactors) experimental reactor produced to the coolant, it would be immediately 
by the A.E.1. John Thompson Nuclear Energy Co. Ltd., and acting as letected for the reasons given above and 
consultants and suppliers of instruments for a number of I uropean and 
Overseas reactors 


cartridge failed u 


began between the uranium and the 


t causing a release of fission products 


1 be brought quickly under control by 
gz the main fans to r-duce the tempera- 
The amount of radioactive material 


Full particulars of our complete range of industrial whic °’o . leased into the closed cir 


end laboratory nucleor netrurnentat f DEVELOPMENTS LTD. 
ISOTOPE DEVELOPMENTS LTD. SL 


Laboratories & Works Beenham Grange, Aldermaston Wharf, Nr Reading, Berks., England. 
London Office : 120 Moorgate, London, E.C.2, England 


would, therefore, be small, and the 
yunt that could es ape into the it mos- 
phere from leakages in the closed circuit 


would be too small to constitute any hazard 
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APPLIED RADIATION 





New Dimensions in Filter paper has been used to extend autoradiog- 


Autoradiography raphy in plant studies. Instead of simply expos- 
ing a photographic plate to the radioactivity in a 
leaf, for example, you squeeze the leaf on filter paper and then make an auto- 
radiograph of the paper. Several techniques are available to make the result 
pecifie for different substances. 

For example, the way you squeeze determines which of the fluids are 
recorded. If a stack of papers is used, the more remote sheets will be affected 
only by the portions of the leaf that have plentiful quantities of nonviscous 
fluids such as sap held in cell cavities 

Chemical separations can be used in at least two ways. One is to use selec- 
tive washings after the filter-paper impressions are made but before the photo- 
graphic exposure. For example, washing with trichloroacetic acid leaves 
behind the proteins and nucleic acids. Another separation technique is to 
prepare the papers with precipitators in advance. 

The method was described at the Paris UNESCO conference (Abstract No 
150) on radioisotopes by its inventor, Z. A. Medvedev of Russia. He has 
ipplied it to localization of protein and nucleic-acid synthesis in bean plants 


Can Gammas Kill Gamma photons have recently been proposed as a 


Germs for Hospitals? cheaper means of hospital sterilization. If they 

can be proved to be money savers, they would 

ewhat relieve the constant pressure of hospital expenses. Take blankets, 

ample. They must now be sterilized in a steam autoclave and this 

terilization wears them out. The thorough treatment required for surgical 
bedding destroys it in two or three applications. 

At Harwell, England, Dr. Henry Seligman is working on radiation steriliza- 
tion —a method that might extend bedding life by a factor of 10. Needless 
to say, the method, once developed, might have economic applications outside 
hospital wards 

Instrument sterilization. In another direction John P. Herrlin and Vito 
Pagano, M.D.’s, of New York City’s Bird 8. Coler Hospital have been explor- 
ing the use of radiation for sterilization of surgical instruments. Accelerators, 
they find, are inappropriate for the problem because of limited penetration of 
charged particles. The cost is too high, and the dose that would sterilize 

ild cause deterioration of material. A better possibility appears to be a 
gamma chamber in which a relatively low level of radiation could keep sterile 

ich instruments as are used for a short time, stored for along time. In food 
tudies it has been demonstrated that a surprisingly low level of gamma radia- 
tion will inhibit bacterial growth when the exposure is constant. (NU, Nov 


7, p. 175 This type of treatment, on the other hand, will not meet one 
important surgeon’s need: quick sterilization of a one-of-a-kind instrument 
that falls on the floor during an operation 

In preliminary investigations of this subject Herrlin and Pagano have 
found that a surprisingly small amount of attention has been given to it. It 


is their plan to remedy the situation with further investigations 


Neutron-activation analysis has been used for con- 


Carrier Content by 
Neutron Activation firmation of the carrier-free status of radioisotopes 
and determination of specific activity of isotopes 
that are not carner free Richard P. Spencer, Thomas G. Mitchell, and 
i. Richard King, have developed the method at the U.S. Naval Hospital, 
Bethesda, Md, 

rhe technique is to measure the radioactivity of a sample, expose it to 
thermal neutrons, and then measure the activity again. Increase in the 

ty can be used to identify and measure carriers 

For example, how much carrier Cu® is present in a sample of Cu"?  Dis- 
integration of Cu produces Zn"* and Ni™, and n,y reactions in the four 
Of these 
the only nuclide produced in detectable amounts is Cu. Hence the test 


nuclides known to be present produce Cu, Cu®, Zn**, and Ni®, 


requires only an evaluation of the increase in Cu" activity 
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MEMORANDUM: 


From the Desk 
of the President 





To: Purchasing 
Department 


Investigate Davison's 
entry into the 
thorium and rare 
earths field. Under- 
stand they are pro- 
ducing materials 
which should be of 
interest to us. 

They have a 
reputation for de- 
pendability of prod- 
ucts and service, 


Two plants, one at Pompton 
Plains, N. J. (formerly Rare 
Earths, Inc.) and one at Balti- 
more, Md. are in operation. 
Your inquiries concerning 
products, samples and research 
and development services are 
welcome. 


Progress Through Chemistry 


DAVISON CHEMICAL COMPANY 


Division of W. &. Groce & gS 


Baltimore 3, Md. and Pompton Ploins, M. J. 


f 











APPLIED RADIATION 


FIG. 1. HIGH-LEVEL IRRADIATION FACIL- 
ITY has automatic feed mechanism that 
pushes cans through cask holding 8 MTR 
fuel elements. Dose is adjusted by speed 
of feed mechanism. Can that takes | hr 
in transit receives 3 X 10° ¢ 
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Dugway Food Irradiator Uses 8 MTR Elements 


By CARL J. CHRISTENSEN, ANDREW JACOBSEN, QUENTIN KLINGER and GEORGE ABEL 


University of Utah, Salt Lake City, Utah 


Kight spent MTR fuel elements are 


the radiation source in the Dugway 
high-level gamma irradiation facility 
designed especially for canned-food 
processing (Fig. 1). It 
and built by the 
for the Food and Container 
of the Army Quartermaster Corps 
The system will accept any can up 
to the No, 10 size and deliver a 
hetween 
total 
Pro 


vision is made for temperature control 


was designed 
University of Utah 
Institute 


pe Cl 
fied, uniform radiation dose 
25,000 and 107 r 
dose is limited to a few per cent 


Variation in 


in the range of 25-200° | 


Conveyor 


When the facility 
food are automatically 


Is In use, cans ol 
conveyed to a 
position in front of a feed tube running 
through the cask that holds the spent 
fuel 


system shoves the 


elements. A  cam-and-follower 
cans through the 
feed tube, which rotates to improve 


dose uniformity. Part of the conveyor 


land 2 


system can be seen in Figs 

A chain belt lifts the cans from their 
storage cabinet to the top of a chute 
chute it 
turns through 90 deg and rolls into 
The 


follower is a spring-loaded plunger that 


94 


As each can drops into the 


place in front of the cam follower 


advances in response to the cam rota- 
tion and pushes the can into the feed 
Then the 
place, and its insertion advances the 


tube next can rolls into 
can before it as well as the other cans 
in the After a 
pleted its trip through the radiation 
fieiu, it 
into the storage cabinet 

The 


V iriable-speed 


tube. can has com- 


rolls down a chute and back 


conveyor system is driven by a 
motor. A small re- 


versible motor adjusts the speed 
which controls the radiation dose by 
changing the time that each can spends 
in the field, The fuel ele 
ments currently in use deliver ~3 

10° r toa No. 10 can that takes 1 hr to 


make its transit through the irradiation 


radiation 


chamber 

The facility is now equipped to 
handle No. 2 and No. 10 cans When 
the smaller cans are to be processed, one 
inserts a tube of suitable diameter 
inside the larger feed tube and makes 


minor adjustments in the conveyor 


Shielding Cask 

The cask that holds the fuel elements 
serves as both a radiation shield during 
It is a 
steel-enclosed lead cylinder with a fuel 


use and a shipping container 


element basket inside. Concrete cast 


into the corners of the cylinder before 
the lead was poured lightens the cask 
and reduces its cost. Total weight is 
1244 tons. The cask is shown in Figs. 
3, 4, and 5. 

The stainless-steel fuel-element bas- 
ket is surrounded by a coolant chamber 
in which a coolant can be circulated 
cool the 


during shipment and partially control 


Its purposes are to interior 


the temperature of the irradiation 
chamber during use 

A loading plug is removed only at 
the reactor when fuel elements are to 
In addition there are 
plugs 
operating plugs at each end of the cask 


he exchanged 


interchangeable shipping and 
They are stepped and tapered to pre- 
vent gamma-ray streaming. Through 
the operating plugs are holes to permit 
Neo 


prene O-rings make the bottom ship- 


the insertion of the feed tube 


ping plug watertight. 

Two remotely operated dollies like 
the one of Fig. 6 are used to insert and 
remove shipping and operating plugs 
When a shipping plug is in place, the 
shielding is good enough that a work- 
man can bolt the plug to the cask or 
the dolly 
changed, the 


When plugs are to be ex- 
dolly 
the cask on tracks and is removed from 
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slides away from 











Shipping 
plug 


| Loading 
plug 


Fuel 
©) element 
+ basket 
' Coolont 
chomber 


Coolant 
inlet 


x Handling 
®~ \ugs 











FIG. 3. SHIELDING AND SHIPPING 
CASK is lead-filled steel shell. Stain- 
less-steel basket holds fuel elements dur- 
ing shipment and operation 


FIG. 6. DOLLIES for PLUG HANDLING 
can be remotely moved on tracks that 
hold cask and removed from cave by 
remotely operated crane 


The 


new plug is substituted in the dolly for 


the facility by an overhead crane. 
the one that has been withdrawn, and 
controlled 


the remotely operation is 


reversed to insert the new plug 
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lant 
chamber 


Coolant 
intet 


Loading 





——— 4 >— 


$$$ qo) 
: 


. 4613 - 


Coolant outlet 








—— 


FIG. 4. LOADING PLUG is removed 
only at reactor for exchange of fuel 
elements. Shipping plugs are inter- 
changeable with operating plugs 





FIG. 2. ‘CHAIN-BELT CONVEYOR lifts cans 
to top of chute, which guides them into 
place in front of cam follower. Four cans 
at far left are water-filled dummies that 
precede and follow cans processed in a run 


FIG. 5. INTERCHANGEABILITY of ship- 
ping plugs and operating plugs with 
loading plug bolted in place is shown 
in this end view of cask 


FIG. 7. COOLING COILS are visible as handling mechanism is withdrawn from cask. 
In combination with coolant chamber they enable temperature control over 25 


200° F. 


and compressor. 


Shielding. The operating plugs 
limit the escape 
the ends of the facility during opera 
When ‘the feed full of 


radiation outside cask 18 


of gamma rays trom 


tube is 
the 


tion. 


Intense radiation field requires auxiliary heat exchanger between coils 
Dehydrated ethyl! alcohol is refrigerant 


xcept for two small 
Here the 
is sometimes as high as 300 r/hr 


limited to l-2r/hre 


cones about the axis inten 
sity 
Thus in an emergency a person could 


short time in the area around 


95 


work for a 





the cask if he avoided the cones at the 


With shipping and loading plugs in 
G. .. DEWEY & CO., Inc. place and eight 70-day fuel elements in 
the cask, no radiation above back- 
Announces ground can be detected at the side of 
tithe cask. A few milliroentgens per 
Formation of a new Department of hour have been detected at the ends 
Nuclear Science and Engineering. This is due either to leakage of photons 
through the channels between cask and 
The staff of the department have a wide plugs or to a small amount of slightly 
background in this field and are equipped radioactive canal water that remains in 
to make calculations of: the cracks after the cask has been 
lifted from the canal and washed. 
Radiation Dosage Reactor Control 
Radiation Shielding Nuclear Cross Sections 
Reactor Critical Mass Reactor Constants 
Reactor Flux Parametric Reactor Studies The facility has two systems for 


Temperature Control 


; ; temperature control. One is the cool- 
The facilities of our computational group 


include access to the IBM 650 and 704 


comp iters 


ant chamber that is part of the cask 
The other is a cooling coil that occupies 
a position between the line of cans and 
the fuel-element basket. It is shown 
in Fig. 7 
——— ' : The coolant chamber is available 
Inquiries Are Invited 
for cooling during shipment and can 
19 WEST 44TH STREET be connected to an external heat ex- 
G.C. DEWEY & CO., INC. NEW YORK 36, NEW YORK changer. However, computation and 


experience show that with 70-day ele- 
MUrrayhill 2-7369 ments no external exchanger is neces- 
sary during shipment. If the cask is 


- & filled with water, there is enough heat 
‘aa vaTalaln tala lalalal a alate alalalalalalelalalalalalalalall,mialalalalalalelals laa a alalalal lela 


conduction to the walls to keep the 

fuel-element temperature within 100° F 

of the ambient. Thus the water never 

boils 

NMC COMPLETE MONITORING SATEZ I | This coolant chamber is not adequate 
| for the 25-200° F temperature control 

for radioactive | specified for food processing. There- 


AIRBORNE PARTICLES - GASES er esiet Bi, ¢ se sete te 


a cylindrical shell. The inside diame- 


MTR TW LUSMERTEERRTEEEEEIIE ter is such that the feed tube can be 


inserted, and the outside diameter 


INDIANAPOLIS 


allows a snug fit inside the fuel-element 
basket This heat exchanger is per- 
manently fastened to the dolly that 
holds the feed tube and has inlet and 
outlet tubes for circulation of fluid. 
After some seriously disappointing 


Af B.7 
= a P hanger fluids and sul 
MONITOR | MONITOR ieat-exchanger fluids and subsequent 


experiences with radiation damage to 


: | damage to the compressor, we inserted 
Mobile Mobile 


Model AM 3-A Model AM2. 4% second heat exchanger between the 
(moving filter ) (fixed filter) compressor and the temperature-con- 
trol exchanger. Dehydrated ethyl al- 


@ Records and warns automatically for periods up to one week, unattended cohol was then introduced as the 
@ Complete monitoring systems or individual units (illustrated) assembled 

from standard components pas 
@ Custom built to solve any monitoring problem although not free of difficulties lhe 
@ Designed tor absolute containment of sampled radioactivity radiation causes some chemical changes, 
@ NMC professional consultation included with each instrument 


refrigerant and has been satisfactory, 


and aldehydes, esters, acids, and other 
hemical species are formed in moder- 
Nuclear Measurements Corp. ate quantities. Work is now under 


2460 N. Arlington Ave. * Telephone: LIBERTY 6-2415 way to CieGnguisn these dagradation 


Send for products. However, ethyl alcohol can 


FREE CATALOG INDIANAPOLIS 18, INDIANA be UsS¢ d for several months before being 


international Office: 13 E. 40th St., New York 16, N.Y. cleaned up. 
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BOOKS 


Molecular Beams 


By NORMAN F. RAMSEY (Oxford University 


Press, New York, 1956, xii + 466 pages, 


$12.00) 


Reviewed by I. I. Rasi, Department of 


hysic Columbia University, New York, 


Pp 
N. ¥ 

Ramsey’s ‘‘ Molecular Beams” is the 
first 
this subject since Fraser’s monograph 

Molecular Rays,” 
lished in 1931. This is surprising since 
the field has had a large expansion in 
The 


explanation may lie in the fact that this 


comprehensive book to appear on 


which was pub- 


the intervening quarter century. 
demanding discipline left the prospec- 
tive authors no time to describe the 
field as a whole. 

In 1931 only one major laboratory, 
Otto Stern’s in Hamburg, the fountain- 
| of molecular-beam lore, was in 

Now at 
chiefly in the 


ead 
active 


States 


least ten 
United 
in Germany and England, are 


existence 
groups 

but also 
engaged in research using the classical 
which 


mi tlar-beam techniques in 


itoms and molecules are detected 
The main effort has gone into 
idy of nuclear properties such as 
spin, magnetic moment, electrical quad- 
rupole moments, magnetic octupole 
moments of stable and radioactive nu- 
clei \Miost of what is known of these 
important nuclear properties derives 
from molecular-beam experiments. 
Some of the most basic discoveries in 
twentieth-century physics have been 
made with molecular-beam techniques 
Since 1931 there have come the anoma- 
lous magnetic moments of the proton 
and neutron, the electric quadrupole 
ent of the deuteron, the intrinsic 
etic moment of the electron and 
ft of the S-state energy levels in 
gen. Only the fields of 


physics 


COsTRIC 
with 


can 


ind) high-energy 


iurger number of workers 


this record of the last 25 vears 
uccessful application of radio- 
resonance techniques has, in 

25 vears, radically changed the 
ind scope of molecular-beam 

ents Results that 
obtained with great difficulty and 


were tor 


or or only moderate precision 
vy be obtained with ease and with 
ion that is hardly exceeded in any 
field of experimental physics. A 
example of the application in 
on methods is the cesium clock 
promises to have precision and 


orders of magnitude beyond 
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what has been previously available 
Offshoots of the 


method, such as the maser and micro- 


molecular-beam 
wave spectroscopy as well as nuclear 
induction methods, are now fields of 
research of greater activity than the 
classical molecular-beams field itself. 
One important field of research that 
originated with Stern in Hamburg has 
This is the 


use of molecular beams in the sense of 


unfortunately languished, 


matter waves and the physical optics 
connected with these phenomena, both 
tool for the 
study of other properties of matter such 
Modern methods of de- 

make this field 


accessible and fruitful 


in themselves and as a 
as surlaces 
tection should more 

Ramsey's book covers the whole field 
with great detail and clarity. Student 
and expert alike will find it indispensa- 


ble. All the 


tained within the coy 


necessary theory is con- 
er of this volume. 
A knowledge of the elements of quan 
tum mechanics is of course presupposed 
in the exposition of the theory behind 
experiments, but the 
that 


ntroductory course 


molecular-beam 


requirement is not greater than 
given in the usual 
The book is thoroughly up-to-date and 
the excellent bibliography offers easy 
access to the literature of the subject 

Quite naturally th 
the work to which he and his students 
voted 


but this only gives added interest and 


author stresses 


at Harvard have «e themselves, 
a personal touch to this timely and 
highly successful presentation, 


Magnetohydrodynamics 


Edited by ROLF K. M. LANDSHOFF (Stanford 
University Press, Stanford, 1957, x + 115 
pages, $4.00) 


Reviewed by H. L. Davis, nucLEontIcs 


Anyone who can define magnetohy- 


drodynamics (the study of dynamics of 


high-temperature ionized gases in the 


presence of magnetic fields) is aware 
that 


motive behind the 


controlled fusion is the ulterior 
udden widespread 
formidable topic 
this book 


build a 


interest in this 
Those 


expecting advice on 


howeve vho read 
how to 
controlled-fusion device will be dis 
appointed. The closest the book comes 
to answering this hope is a theoretical 
discussion of the pinch effect; otherwise 
it is pretty much dedicated to under 


standing the basic physics of a high- 
temperature plasma interacting with a 


magnetic field 


Although the level is 


students, 


appropriate 
for serious a casual reader 
will pick up some of the flavor of this 
brand new subject provided he has a 
strong background in electromagnetic 
theory plus a little knowledge of 
hydrodynamics 

The book is based on the contribu 
tions presented at a Magnetohydro 
dynamics Symposium sponsored by 
Lockheed Missile Systems Division at 
Palo Alto in December, 1956. As such 
the book consists essentially of twelve 
papers by various authors in the field 
The editor has attempted to rework the 
material into an integrated form and 
has chosen papers that are representa 
tive of the different areas of interest in 
the field. 
a textbook development of the subject 


The result does not serve as 


but rather as a short sampler 

The volume is divided into two well 
The first treats the 
theory of magnetohydrodynamics 
The introductory article by A. R. Kan 
Petschek uses order 


defined sections 


trowitz and H, | 


of-magnitude arguments involving 
characteristics lengths to arrive at an 
classification of the various 


ing articles are concerned with special 


over-al! 


regions of interest four remain 


ized topics in the theory The experi 


mental section is introduced with a 


short discussion by the editor about 
dimensionless parameters in magneto 
hydrodynamics, Following this ther 
are six papers describing experiments 


in the field 


Introduction au Génie Nucléaire 


Vol. 1: Physique et Calcul des Réac- 
teurs Nucléaires 

Vol. 2: Contrile et Protection des Ré- 
actéurs Nucleaires 


By THEO KAHAN and MAURICE GAUZIT 
(Dunod, Paris, 1957; Vol. |-—-xiv + 388 pages, 
3900 francs; Vol. 2-—xiv + 396 pages, 3900 
francs) 


THeopore Benrsovext 
LRCO Division of ACI 
LD. ¢ 


teviewed hy 
Nuclear Products 


Industries, In« W ashington 


The authors have compiled in the 
first 
to nuclear engineering a great deal of 


two volumes of this introduction 


useful information on reactor theory 


and technology They have succeeded 
in rewriting and organizing this inter- 
national material into a clear, well 
developed book on reactor-engineering 
fundamentals 


The first volume can be divided into 
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DECONTAMINATE 
RADIOACTIVE 
CLOTHING 
WITH AMERICAN 








world’s largest manufacturer of 
laundry and dry cleaning equipment 
Realizing the tremendous problem created 


The 
Laundry Machinery Company has created 


by radioactive clothing, American 
a special department to provide nuclear 
plants with modern, efficient decontami 
nation and laundry facilities 

Engineers experienced in laundry plan 
ning and operation will survey your plant 
prepare floor plan layouts, and furnish 
complete specifications for each installa 
tion, 

American representatives will help you 
select the right machinery from a wide 
range of automatically controlled, labor 
saving equipment particularly suited for 
the decontamination and washing of work 
clothes exposed to radioactive and toxic 


materials, 


For complete information on hou 
American serves the atomii 
energy field, write for 

Bulletin 2642. 


z 
| = © 


sundry Machinery Company, Ciecinnat: 12. One 


three 
The first section deals with 
and the 
reactor theory and calcula- 


two sections, each containing 


chapters 
atomic and nuclear physics 
second witl 
tions. The second volume consists of 
four chapters on the subjects of radia- 
tion detection, reactor control, dangers 


of ionizing radiation and protective 
24-page ap- 
The third 


presumably on power reactor 


hielding It has also a 
pendix on fusion reactions 
volume 
technology, has been announced but 
has not yet been published 

This is the first book of this type 
that has 


undoubtedly it will be of great interest 


been published in France, and 
to all nuclear-minded Frenchmen. Its 
alue in the United States will be some 
what lessened by the language barrier 
sf veral earlier 
s and M C 
Nuclear 


Stephenson’s 


and by the existence of 


texts, such as S. Glasstone 
“The Elements of 
Theory,” R 
Nuclear 
Principles of Nu 


Iedlund’s 
Reactor 
Introduction to engineer 
ing,’ S. Glasstone’s ‘ 
clear Reactor Iengineering,”’ etc., which 
ilso present similar material 

The text thoroughly covers the topics 
that are treated, and it compares quite 
favorably with the 


books Many 


tions are presented in detail and a num 


above-mentioned 


mathematical deriva 
ber of problems are worked out numer- 
Also 


present a 


numerous graphs and 
deal of 


those 


ieally 


tables great useful 


design information. Tor who 
would like to pursue the various sub- 
jects further, extensive reference lists 
“are provided 

that 


discussions 


Occasionally one wish 
had 
items. In vol. 1, for 
they 


a4 ribs a Aas cooled homogeneous reac- 


might 
the authors included 
of additional 
instance, when numerically de- 
tor, it would appear that they should 
have either developed the problem fur- 
ther or postponed its discussion until 
vol. 3. Similarly, consideration of re 
actor disaster clouds and their atmos- 


pheric diffusion would seem to be 
called for in vol. 2, which is devoted 
exclusively to the subject of reactor 
control and protection. 

sy and large, however, these are 
excellent introductory books and a wel- 
reference information 


The third vol- 


it sited with great interest. 


cone sollree if 
for nuciear (ngineers 


ume wi 


BOOKS RECEIVED 


The Industrial Challenge of Nuclear 
Energy (The European Productivity 
Agency of the Organization for Euro- 


Economic Co-operation, Paris, 
2858 p $5.00 


sents the proceedings of the first Infor- 


pean 
1957 This book pre- 
mation Conference on Nuclear Energy 
for Management held in Paris, April 
1957. The 


speakers presented papers on technical 


international panel of 


economic and industrial aspects of 


nuclear energy industrial uses of 


racoisotopes and the development 


programs being pursued in various 


ountries 


Effect of Radiation on Human Heredity, 
World Health Organization (Columbia 
New York, 1957, 168 
A study group organized 


University Press 
p., $4.00) 
by the World Health Organization met 
1956, to con- 


radi- 


in Copenhagen, August 
effects of ionizing 
This book 


the report of the study group as well as 


sider genetic 


ations on man contains 
papers presented by various members 
Among the group’s recommendations 
are additional institutions devoted to 
the study of genetics, more training and 
public education in genetics, registra- 
tion of serious hereditary diseases and 


defects, investigations to study radi- 
ation damage to tissues and on effects 
and, as an approach to 


on life span 


control of radiation, records of indi- 


idual exposures 


Transistor Electronics, by A. Lo, R 
Eendres ba Zawels I 
C. Cheng (Prentice-Hall, Ine 
wood Cliffs, N. J., 1957, 520 p 


This book proy ides a basic understand- 


Waldhauer, and 
Engle- 

$12). 
ing of transistor operation. Discussion 


covers high-frequency operation and 


practi al cir uitry 


ALSO OF NOTE 


AEC health and safety studies. The 
following reports are available: KAPL 
(KAPL-1014, 


17 p., 20¢), Semiannual prog- 


Air Cleaning Program 
Jan. 57 
ress Report of Radiological Develop- 
ment Activities in the Health Physics 
Unit (KAPL-1572, July—Dee 
15¢), Measurement of the Scatter Com- 
from a Kilocurie Cobalt-60 
Source (NYO-2065, June °57, 13 p., 
20¢), The Metabolism of Indium-114m 
Administered to the Rat by Intra- 
tracheal Intubation (UR-500, July ’57 
Office of Technical Services, 
W ash- 


55, 36 p., 


ponent 


16 p., d5¢). 
{ s De partme nt of C'ommerce ‘ 
ington 5 D.C. 


More than 
operation or 


U. S. Research Reactors. 


30 research reactors in 


December, 1957. NUCLEONICS 





er construction are described in this 


booklet prepared by Battelle Memorial 
Nuclear Materials and Equipment Cor- 


given for major reactor types. Data r poration now introduces to the reactor 
neludes cost information. 73 p ; REACTOR materials industry a standard of 
Bae of Tedhaidl Geek a A De consistent high quality, established by 
Sal ent of Commerce, Washington #5 f NUMEC'’s highly experienced staff of 
. R . QUA LITY scientists and engineers who have par- 
pt Oe ' ticipated in the design, development 

and fabrication of nuclear reactors. 


Institute. One or two examples are 


Geneva Conference on microcards. 
\ rocard edition of the entire pro- 


gs of the first International Con- 
on the Peaceful Uses of Atomic 
held in Geneva, 1955, is avail- 


The Chronicle of l nited Nations 
( ctivitie 34 W. 26 St., New York 1 


hi FOR REACTOR FABRICATORS 


Technical reports available. An 
Analysis of Temperature Coefficients of 
Solubility in Dilute Liquid Metal Solu- 
tior S. Strauss, J. White, B. Brown, 
\ Research Laboratory (PB- NUMEC MATERIALS 

131065, 23 p., 75¢); Measurement of e Uranium oxides, compounds, metal and alloys 
ion Gas in Cylindrical Ionisation @ Control materials, including silver-cadmium-indium alloys 

umbers. by E. Burke. W right Air . Special dispersions, ceramics and cermets 
Development Center (PB131186, 11 p 
Ws rheoretical Analysis of the Re- 
ponse of a Proton Recoil Type Neu- 
Detector, by 8. Hartmann, Wright 
Development Center (PB131204, 
$1.50 Office of Technical Serv- 


NUMEC FABRICATION 
e Uranium oxide and thorium oxide pellets 
Fuel assemblies 


Matrix boxes 
Irradiation specimens 


+ 
@ Control rods 
e 
. 


S. Department of Commerce 


hington 25, D.C NUMEC SPECIAL SERVICES 


¢ Vacuum and inert atmosphere arc and induction melting 

@ Brazing of zirconium 

@ Machining of fuel, cladding and control materials 

@ Inert gas welding 

s of impurities in zirconium and e Recovery of unirradiated fuel, cladding and control scrap 
are the result of a program in e Corrosion-testing 
ven laboratories participated @ Instrumental and wet chemical analysis 


The Chemical Analysis of Zirconium 
and Zircaloy Metals (NMI-1171). 
The methods presented here for the 


and spectrographic methods e Metallography 
ibed. 108 p. Office of Techni- Mechanical and physical testing of metals, ceramics and cermets 


. 
Department of Commerce, @ Leak detection 
. 


Washington 25, D. C... 60¢. Consultation on material problems 


Atomic Energy as a Means of Eco- NUMEC EQUIPMENT 


nomic Development A Selected Bib- e Cathodic vacuum etchers 
@ Vacuum and inert gas arc melting furnaces 


e Vacuum and special atmosphere furnaces 
@ Inert gas welding chambers 

@ High vacuum valves and fittings 

e Rotary vacuum seals 


liography. A cross section of general, 
semitechnical and technical bibliog- 
books and articles are listed 
UN, governmental, etc.) and 
il sources included. 40° p. 
4 ‘ f / N 4 7 4 ‘ 
: eas Qe ¢ Tudor City Place MATERIALS RESEARCH AND DEVELOPMENT 
Ver ork 17 , $1.00, 
Numec Reactor Quality is guaranteed by the industry's most ad- 
vanced materials testing and analytical facilities. For more infor- 
mation on Numec materials and services, call or write 


Career Satisfactions of Professional 
Engineers inIndustry. Based on inter- 
iews with professional engineers, this 


surve ndicates what they like and 
l ke about their career environments. | % f Od i ri 
he irve was made by Opinion Re- > idl 


orp. S4p. Professional Engi- 


Con Bow fr” NUCLEAR MATERIALS AND EQUIPMENT CORPORATION 


St.. W ashington 6, DC 
nbers TEL: GROVER 2-8411 - APOLLO 2,PA. + casie “NUumEec” 
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NUCLEAR CALENDAR 


Jan. 27-28-—Sixth Scintillation Counter 
Symposium, AEC, AIEEE, IRE and 
NBS, Washington, D. C. (Shoreham) 
Contact G. A. Morton, RCA Labora- 
tories, Princeton, N. J. 


March 2-6—American Society of Me- 

measure chanical Engineer's gas turbine power 

time division conference and exhibit, Wash- 

, ington, D. C. (Shoreham). Contact 

intervals L. 8. Dennegar, ASME, 29 West 39 St., 
short as New York 18. 


00000000004 March 17-21—Nuclear Congress will 
include four events, at International 
Amphitheater, Chicago: A. Fourth 


Milli-Microsecond Nuclear Engineering & Science Con- 


: : gress (EJC), running all five days. 
time-to-pulse-height converter Contact congress manager, American 
Institute of Chemical Engineers, 25 

Model TH-300... Applications: Neutron Weat 45 St., New York 18. 8B. Atomic 
time-of-flight studies, half-life Industrial Forum Atom Fair, all five 
determinations in short-lived isotopes days, contact J. V. Friel, 304 Archi- 
fast coincidence studies, short-time eh pn ti igh 4. C. Sixth 
% ot Laboratories & Equipment Con- 

S caananeien ten Factory ference, 19-20th; contact Frank Ring, 
Jr., ORNL, Oak Ridge, Tenn. OD. 

Write for technical data sheet Dept. N-12 Sixth Atomic Energy in Industry 
Conference, National Industrial Con- 

Eldorado Electronics ference Board, 17-19th; contact John 


1401 Middle J. McMahon, 460 Park Ave., NYC. 


Harbor Road . ’ ‘ 

April 20-23 Canadian—U. 8. chemical 
Oakland " 

engineering conference, American In- 

stitute of Chemical Engineers and 
Chemical Institute of Canada, Mon- 
treal. Contact H. R. L. Streight, 
DuPont Co. of Canada, PO Box 660, 
Montreal, Quebec, Canada 


-HIL 


seconds 


McGRAW 


Californa 


May 27-29-—Third annual reactive 
G > j I 0 
jadol inium, Gadol iniw ne hl ri metals conference, Ameri an Institute 


CG 
pret tonic agi pd — of Mining, Metallurgical and Petro- 
oe ace leum Lngineers, Buffalo (Statler). 
ethanola allic oat Contact 8. F. Urban, National Lead 
Gallium ¢ lium nit Co., Buffalo, N.Y 


Gallocyanin, “Galfoohenine, Ga 
hydrol ; e, Ge] 
acid, & je, Ge Assistant 
ethano isic a 


acetate, Ger yromide, Ge: NEWS EDITOR 
Cerggal t dialen 

te 5 ’ 4 £ 

ah Leiatesstl WANTED 
Sitentaeate, Gitoxin, Gliadin 
‘Glucoascorbi jd, Glucochlo 

acid d, Gluc acid, Gluco 

CGlucosaminic » Gluco: é for responsible whatever . 


Glucose-o-carboxyanilide, G full-time your 
Glucos qi G 3 publication needs oe 
position on 





mercap 
ethyl x 


oxamin editorial staff Equipment Manuals — Product Cata- 
pentaa@etate» & se sodium of logs — Handbooks — Training Aids - 
Glucose thi ureide, Glucose u NUCLEONICS Industrial Relations Literature — Pro 


Glucosides cedural Guides — Engineering 

trimet hylammonium ; Presentations — — — and any type of 

curonidase, Gluc , technical literature 

tamic acid, 

dioxime, Glutar use our speciglists in ——— 

mie gia rape Send resume, salary WRITING . . . EDITING 
requirements to ILLUSTRATING . . . PRINTING 


McGRAW-HILL 


The Editor Technical Writing Service* 
NUCLEONICS 330 West 42nd St., N.Y.C. 36 
' 330 W. 42nd St. LOngacre 4-3000 


New York 36, N.Y. 
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PRODUCTS AND MATERIALS 





Ultrasonic Cleaning Unit Features Compactness 


| DR 50-AH, ultrasonic cleaning 


hove consists of a compact 
x &44-in. trans- 
tank. Unit 


capacity 


ind m 534 
stainless-steel 
gal cleaning 


eatures include outlet tap for 


with external recirculating 


filter or temperature control system; 


and no timer, special wiring or installa- 


tion required rank is corrosion re- 


sistant and has rounded corners for 


Operates on 115 v a-c 


Mineola, New 


CUSY cleaning 
Acoustica Associates 
York 


2 


vw, 
ic 


la 


Heat Exchanger for Oak Ridge Research Reactor 


Approximately 68-million Btu/hr will 
be removed from the new 20-Mw Oak 
Ridge Research Reactor by the 178-ft- 
ng, 24 1444-ft-high 
eat exchanger shown above. It uses 


»-ft-wide and 
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aluminum coils and eight 16-ft-dia 
aluminum fans to cool water coming 
131° F down to 


Trane Co 


from the reactor at 
120° F.—The 
Wis 


LaCrosse, 


Solid State Battery 


Dynox 95, miniature, high-voltage, 
solid-state battery can produce 95 volts 
in 0.14 in’, 


144 in. long and 4¢ in. in dia, can supply 


This battery, which is 
steady current of 1 & 10°* amps for 
176,000 hr at 70° F with only a 10% 
It is hermetically sealed 

Universal Winding Co., PO Box 
1605, Providence, R. I 


voltage drop 


Radioactive Light Source 


Isolite, a lamp illuminated by radio 


active Kr**, provides power-free, unin 
terrupted light up to 10 years. Light 
source 18 composed ol phosphor crys- 


tals 
transparent 


enclosed in a hermetically-sealed 


capsule and excited to 
luminescence by the gas I Ss 


Radium Corp., Morristown, N. J 


Harmonic Drive Control Rod 


Harmonic drive principle of mo 


tion transmission permits hermetically 
means of 


sealed controlling reactors 


(above). Rotating parts are exterior 
to pressure vessel while internally there 
is one moving part. Positive posi 
tion indication is accomplished by a 
that is directly 


to control- 


mechanical indicator 


connected and responsive 


Driven by conventional 


it has then 


rod position 
characteris 
2,200 
temperature 


power source 
tics: normal operating pressure 
psi; normal operating 
565° F, with max operating tempera 





Correction. Channel capacities for 
PA-100 pulse-height analyzer are 10 
counts per channuel-rather than 10 as 
(NU Nov 57 p 


Technical Measurement Corp., 
New Haven 11 


stated previously 
192) 


140 State St Conn 


101 





WESTINGHOUSE 
TESTING REACTOR 


Will be available to industry 
for in-pile experiments ap 
proximately April 1, 1959 
This reactor will provide a 
new irradiation 
service featuring thermal 
up to 


complete 
neutron fluxes 
10'*/n/em 
tures and pressures as high 


sec at tempera 


as 600°F and 2000 psi. Aux- 
iliary services including rab- 
bit facilities, hot cells, and 
gamma irradiations are also 
available. 

Contract reservations for 
space are now being 
cepted. For further infor- 


mation, please contact: 
J-57006-K 


ac- 


650° F; 
min; length of travel, 30 in.; 
74,400 
lb and max permissible load at 650° F, 
67,200 Ib.; .5 hp motor Atomic Power 
Department, United Shoe Machinery 
Corp., Beverly, Mass. 


ture linear speed of control 
rod, 20 in 


max permissible load at 70° F, 


Portable Oscillator 


Model 20A portable test oscillator 


(above) is continuously variable over 
Testing Reactor : ; 


Westinghouse Electric Corporation 
P. O. Box 1075, Pittsburgh 30, Pa. 


a frequency range of 15 cycles to 150 ke 
<0.5 ohm 
Os- 


circultry, 


at a source impedance of 
with output constant to +2%. 


cillator has all-transistor 
printed wiring and self-contained power 
Alectra 
dated Electrodynamics Corp 


Altadena Drive 


Consoli- 
325 N 


Pasadena, Calif 


supply Division, 








Longer Thermocouple Life 
In Atomic Reactors 


With T-E Coname” Wire Thermocouples 


PSSSSEARLARREEerereneenunaracaeraas® 





| Self-Contained Irradiator 


Model A, the Hotrodder (above), can 
hold up to 25,000-c Co and is a com- 


Designed for use under extremely severe conditions, enclosed hot-junction Unit 
nit oper- 


with ceramic insulated, metal sheathed wire — will plete installation in itself. 


“Ceramo” thermocouples 
outlast comparable standard types many times. And response time is just as 
fast. Furthermore, both sheathing and insulation con be specially selected for 
resistance to atomic radiation. Conductors in all standard calibrations and 
various sheath materials are available for temperatures up to 3000° F. If 
desired, “Ceramo” thermocouples can be completely pre-tested, Conductors 
36 to 12 gage. Overall diameters—1/25" to 7/16", 


Write for Bulletin 305- K. 


Thermo Electric @.3nc 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. 


ates this way: sample is inserted into 
irradiation chamber; operator pushes 
single button on control console; sam- 
ple door « loses; source moves into posi- 
tion automatically, At end of preset 


time cycle reverses. Source mecha- 


nism and door leading to irradiation 
chamber are fitted with interlocks that 
prevent source being moved to exposed 
position while sample door is open. 
Irradiation chamber will hold sample 


up to 10 in. in dia by 10 in. in length. 
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Max surface dose rate is 50 mr/hr. 
Nuclear Systems, A division of the 
sudd Co., Philadelphia 32, Pa. 


} SLOMEN TUBE EXTENSION 


APDAL 

{ = wT 

‘ 
FLUSHING 


‘vet 





@ortow Pare 


Gamma Source Container 


Designed for use as a standard item of 
laboratory equipment, Gammalab con- 
tainer (above) is equipped with 62 
o® source with an average dose 

of 100,000 r/h. 

han 2 ft high and takes a 3.2-ml 
volume.—Radiation Applica- 

In 342 Madison Ave., New 


Gammalab is 


Yecade Scaler 


Mod DS-1A (above), decade scaler 
ision counting and registering 

al impulses, is equipped to 

er all basic nuclear detectors and 

t their output at rates to 10° epm 
nting periods can be controlled by 
preset timer to accuracy ol 

n55 min. Has test signal of 

3600 cpm Nuclear Measurements 
orp., 2460 N. Arlington Ave., In- 


1s Ind 


Rod-Position Indicator 


Control-rod position indicator provides 
an output voltage of 2-6 volts/ft that 
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NO W J Immediate 


delivery on low-cost 
ultrasonic cleaning 
equipment you can afford! 


Prices start at only 51759 
with a full two-year warranty 


Series 600 


$350 


SONBLASTER 


Now. thanks to Narda’s mass production techniques, you can get top 
ultrasonic cleaning equipment with a full two year guarantee, at the lowest 
prices in the industry! What's more, Narda's SonBlasters are available now 
off-the-shelf for immediate delivery! Here's your opportunity to start 
saving immediately on labor, chemicals and fioor space not to mention 
improved cleaning with fewer rejects 
Simply plug this new Narda SonBlaster into any 115 V-AC outlet fill 
the tank with the cleaning soiution of your choice and flip the switch. In 
seconds, you are cleaning everything from hot lab apparatus to medical 
instruments, optical and technical glassware to clocks and timing mechan 
isms, electronic components and semiconductors to motors, relays and 
bearings. In short, you will clean most any mechanical, electrical, electroni 
or horological part or assembly you can think of —and clean it faster, better 
and cheaper. in addition, Narda SonBlasters are ideal tor brightening 
polishing, decontaminating, sterilizing, pickling, and plating; emulsifying 
mixing, impregnating, degassing, and other chemical process applications 
Write for more details now, and we'll include a free questionnaire to 
help determine the precise model you need 


Narda SonBiasters — a complete line of production-size units with the quality, power 
performance, capacity and appearance of cieaners selling up to 
three times the price. From $175 to $1200 


Fill out and mail for full information— — — 


NARDA ULTRASONICS CORP 
Herricks Road, Mineola, L.|., N.Y 
Dept. N-2 

Please send me more information 
about Series 600 SonBlasters 


SPECIFICATIONS 
inside tank dimensions: (Model 
NT-602) 914" |, 6” h, 5” w; one 
galion capacity; stainiess steel 
Generator: 10” |, 84" h, 914" w; Name 
115 V-AC Selector switch for 


Organization 
alternating between two tanks 


Address 
—— OS State 


the Nat 19 ultrasonics corporation 


HERRICKS ROAD, MINEOLA, L. 1. WY 
| Py 


Complete unit is portable and 
compact. 





is proportional to position and is linear 
within 0.1% over a 10-ft stroke. Unit 


For filtration at high cafe cl 


assemblies, a magnetic core and tubular 
coil assembly separated by a pressure 
temperatures —for eal wall, Magnetic probe is attached by 
stainle teel tube to control rod 


filtration of highly | Separate en ot - and 10% position 


actuate limit relays. Pressure wall 
corrosive materials le @ varity of sizes, s ! ie cate Mencia aaa 
oe EC cae ie pa 650° F.—G, L. Collins Corp., 2820 E 

Hullett St., Long Beach 5, Calif 


PUROLATOR offer 
porous metal filte 
tured by a unique 


these advar tage 


|. Wide femperat 
stand the effect 


ranging fron 4 


2. Corrosion res 
alkalines and ac 


low temperature 


3 Controlled | 
cronic to 706 


requirements ae Remote Handling Tongs 


4. Limitless range of me é t Filtration for Every Known Fluid sall-Swivel Radiarm (above), a remote 


can be made of handling tong, is designed for work- 


nickel, inconel, } t PUROLATOR ing with high level radiation within 


palladium or any othe e! ra PRODUCTS, INC. shielded caves, hot cells and irradiation 
required Gohwey, New Jersey ond Terente, Onterie, Caneda chambers Tong is ¢ quipped with 
slots to permit attaching different 


heads for lifting, picking, clamping 


48 DOMESTIC & WORLDWIDE accueate ete. The swivel is lead-shielded for 
mounting directly into the protective 


MMI MCC CMDYAM ALGER cconcnca {al Aton Contr or lostanent 


& Equipment In iSO Fifth Ave 
For BETA, GAMMA, X-RAYS; NEUTRONS (1 week) Clip-on, wrist New York 17, N. Y 


or ring style 





We don't keep you waiting! You're entitled to—and you get-——speedy local"’ service no 
matter where you are located: U.5., North America, overseas Just airmail your feather-weight 
exposed films to us Accurate exposure reports ore airmailed back within 48 hours after film 
is received U.S. users who airmail film te us receive reports within 4 to 5 days; foreign 
cllents, within | week Ten-to-one, that's better service than you are now getting 


in film badge service, reliability counts, too Our 5-filter system assures highest accuracy 
over a wide range of energies and exposures Records are permanent and lega! 





Ask for Bulletin 20 Let us quote on your particular needs Our low prices will surprise you 


Instruments for 
Research, Medicine, 
Education, Industry, 


Prospecting cp NUCLEONIC Corp. of America 


Catalog on request 


196 Degraw St. Brooklyn 31 N.Y 
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FOR PRODUCT INFORMATION 
IN THE NUCLEAR INDUSTRY 
TURN TO THE... General-Purpose Oscilloscope 

Model 150AR d-c to 10 me oscilloscope 

N U C L F 0 N I C 4 s mounted on slides for accessibility 

BUYERS’ GUIDE ind features calibrated sweep magni- 


fications of 5, 10, 50, and 100; any 


(IN THE NOVEMBER ISSUE) portion of the magnified trace may be 
viewed. Unit is used with plug-in 

A McGRAW-HILL PUBLICATION vertical amplifiers.—Hewlett-Packard 
330 WEST 42ND STREET, NEW YORK 36, N. Y. Co., 275 Page Mill Re Palo Alto 


alif 
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Scintillation Transducer 


New unit (above) combines a Nal(T]) 
crystal package with a standard 5-in. 
photomultiplier tube. Crystals are 
produced in new facility with empha- 
sis on uniformity of Tl distribution for 
uniform response to y rays stopped 
Available in crystal lengths up to 4 in., 
the packaged 
housed 


complet 


detection units are 
n magnetic shields and come 

with preamplifiers.—Levin- 
thal Electronic Products, Inc., Stan- 
ford Industrial Park, Palo Alto, Calif. 


Warning Paint 


A daylight fluorescent paint has been 
developed for increasing effectiveness 
radiation symbol 


ol the 


warning 
Called Radiation Purple Sunbonded 
Day-Glo, this AEC-approved paint is 
brighter in daylight than nonfluorescent 
purple, besides being distinguishable 
at a distance. Available in aerosol 
spra ins, as-a brush-or-spray formu- 
silk-sereen work 

Switzer Bros Inc., 4732 St. Clair 


Ave Cleveland 3, Ohio 


lation ind = for 


New Van de Graaff 
Model GS 1.5-Mev Van de Graaff 


tron accelerator was specially de- 
or radiation processing. It is 

it 2.5 kw with 
1-5 kw 


obtained at a unit density 


peak-power 
Penetration through 


96 in. high and extends 66 in 
the base plate Klectron-beam 
ontrollable from 5 to 15 in 
Voltage Engineering Corp., Bur- 

\l ass, 


LITERATURE AVAILABLE 


Flow-pilot valves in five basic models 
cam, palm button, hand lever 

ng hand lever and mechanical 
cata- 


vis—are described in 


Engineering 
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p.—Hanna 


For the Field of Advanced Nuclear Research 
—these Detectolab® Products 


Fast-Slow Coincidence Circuit 


Model DZ4 offers the nuclear scientist the 

fastest, commercially-available coin- 

cidence circuit for advanced radiological 

research 
Model DZ4 is specifically designed for 

use with two Detectolab Gamma Ray 

Spectrometers; delay line modification 

permits channel analyzers having differ- 

ent transit times 

e Coincidence selectivity of any two or all 
three channels (fast sum and two slow 
channels) 

» FAST channel resolving time 0.01 usec 
to several usec . 

e FAST channel counting to 40,000 coin 
cidence cps 

¢ Delay between fast and slow coincidence 
changeable with no circuit modification 

¢ Elimination of need for elaborate cooling 
system for photomultiplier tubes. 


MODEL D24 


DZ4 in use with two 
02741 Gamma Ray 
Spectrometers 
Physics Department 
Ohio State University 
(Courtesy, Ohio 
State University) 


Linear Count Rate Meter 


Model DM12 is a high precision labora 
tory instrument designed to count pulses 
from GM _ tubes, scintillation detectors 
single channel pulse height analyzers and 
the like. Identical to the ORNL Q.-1511 
circuit, this model features 
e Better than 1% accuracy 
e Long term stability better than 2% 
¢ Front panel contro! of input sensitivity; 
continuously variable from — 50 to 
+ 100 volts 
Ten counting ranges to 3,000,000 cpm 
Provisions to drive 0-10 millivolt 
recorder 
Front panel calibration control 
2.0, 0.6, 0.2° 


control 


, standard deviation 


MODEL DM12 


Detectolab Nuclear Instruments are products of 


Reliability you can count upon 


iB ELECTRONICS 


BORG-WARNER CORPORATION \\ 
3300 NEWPORT BLVD., SANTA ANA, CALIF. } 


EXPORT SALES: BORG WARNER INTERNATIONAL CORP., CHICAGO, ILLINOIS 
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Works, 1765 Elston Ave., Chicago 22, 
Iii, 


Automatic indexing X-ray spectro- 
graph, called the Autrometer, is de- 
scribed. 8 p.—Instrument Division, 
Philips Electronics, Inc., 750 8. Fulton 
Ave., Mt. Vernon, New York, 


Gadolinium oxide and nitrate and 

their properties are described in data 

sheet 301.—-Research Chemicals, Inc., 

PO Box 431, 170 W. Providencia St., 
A Burbank, Calif, 


BETTER Radiochemical techniques used in ob- 
TRAP taining technical data, are described 
MOUSE with case histories in bulletin 408. 
Nuclear Science & Engineering Corp., 
FOR PO Box 10901, Pittsburgh 36, Pa. 
URANIUM Plastic fluor for scintillation counting 


is described and typical application 
given. 4p.—-Cadillac Plastic & Chem- 
ical Co., 15111 Second Ave., Detroit 3, 
Mich 


Medical isotope procedures. A se 
ries of papers and reports covering 
areas in which greatest isotope progress 
has been made.—Abbott Laboratories 
North Chicago, Tl. 
The uranium processer goes 
through a ton of hard-rock western ores to recover from 2 to 10 pounds | High-vacuum gages plus high-vacuum 
of uranium oxide. Efficiency pays off in lower milling costs as well as in | V“!ves, baffles and traps are listed in 
two bulletins—9-1 and 10-1.—Roch 
ester Division, Consolidated Electro- 
Research scientists have known for some time that dynamics. Rochester 8. New York. 


more complete recovery of the precious uranium. 


solvent extraction—SX to the initiated—was theoretically the best 

known method of wresting uranium from the tough ores of the Colorado “Nuclear Safety’’ discusses firm’s 
plateau. But it remained for Vitro Uranium Company to apply the | scientific and engineering service in 
process on a practical scale. Its Salt Lake City mill and the Vitro Rare | reactor and radiation hazard evalua- 
Metals processing plant at Canonsburg, Pa., are among the first to use this | tion. 12 p.—Holmes & Narver, Inc., 
efficient high-recovery process. For this, and similar 828 5. Figueroa St., Los Angeles, Calif. 


accomplishments, Vitro will share in the 1957 ; 
‘Instrumentation and Control of Nu- 


clear Plants’ (booklet B-7233) covers 
Conversion of its plant to SX is these subjects—power control, instru- 


Chemical Engineering Achievement Award 


an excellent demonstration of Vitro’s know-how mentation, coolant instrumentation 





across the spectrum of modern technology. Engi- and radiation monitoring 8 p. 
Westinghouse Electric Corp., PO Box 
2099, Pittsburgh 30, Pa 


neers from Vitro Engineering Company, scientists 
from Vitro Laboratories, and construction specialists from The Refinery 
Engineering Company joined with Vitro Uranium Company and Vitro 


Rare Metals Company to build this better mousetrap, uranium style. Commercial-grade zirconium with its 


applications and properties is discussed 
in booklet that reviews established and 


potential applications, gives corrosion 

= and physical properties and discusses 
CORPORATION of AMERICA methods of fabrication.—Columbia- 

261 Madison Ave., New York 16, N.Y. National Corp., 70 Memorial Drive, 


Cambridge 42, Mass. 





a 


@ Research, development, weapon systems Thorium, rare earths, and heavy minerals 


# Nuclear and process engineering, design © Recovery of rare metals and fine chemicals Beryllium oxide is subject of folder 


~<f : , 
. Refinery engineering, design, construction <V Aircraft components and ordnance systems that includes discussions on powder 


E> Ceramic colors, pigments, and chemicals and crucibles, crucible wash and shapes. 
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4% Uranium mining, milling, and processing 
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eer) WL AT WILL 


and P® labelled compounds are 
catalog. 4 p.—Volk Radio- 


Russian journals available in English 


translation listed in catalog #2. 64 p 
Consultants Bureau, Inc., 227 West j j 
17 St., New York 11, N. Y. 


Components for liquid-metal systems 


described in six new bulletins: sodium- 
oxide control station in bulletin GEA- 
6453A; liquid-level indicators in GEA- 


6454A; cold traps in GEA-6456A; 


lugging indicator in GEA-6457A; 
magnetic flowmeter in GEA-6360A; 
nd a-c electromagnetic pump in 
’ 7 


GEA-6359A.—General Electric Ap- 
paratus Sales Division, Schenectady 


5, N. Y. 


INDUSTRY NOTES | 
Litton Dicitat DIFFERENTIAL ANALYZERS are uniquely personal mathematical 


tools—which you use yourself at your own desk. The remarkable insight you 

P National Beryllia Corp. has opened | obtain with these accurate, versatile instruments is an experience reported again 
new production plant in Haskell,| and again by mathematicians and engineers. /nsight into the problem stems partly 

» fabricate precision ceramics. from your own programming, partly from the continuous rapport you have with 

the problem as the Litton DDA solves. The Litton DDA plugs into any standard 
110-volt outlet. You need only a few hours of coaching from us to grasp the 


Radiation Counter Laboratories, 
programming for 


Inc., Skokie, Ill. is doubling its plant 
th a 6400 ft? addition, 


P Radiation Instrument Development 
Laboratories, Chicago, has tripled 
t roduction space and facilities 


p> Trecerta®, Inc. now has trained 
ntamination squads operating 
three base locations 
\lass Richmond, Calif 
Houston, Tex 


P M&C Nuclear, Inc. has been formed LI TTON INDUSTRIES 


is a wholly-owned subsidiary of Metals 
ELEC RONI(C EQUIPMENTS DIVISION 


& Controls Corp. The former nuclear 
336 North Foothill Road + Beverly Hills, California 


lucts division’s present manage- 


7 
become officers of the new 


LITTON 20 & LITTON 40 DIGITAL DIFFERENTIAL ANALYZER LITTON GRAPH PLOTTER LITTON GRAPH 
PLOTTER/ FOLLOWER LITTON PAPER TAPE PUNCH/READER LITTON DIGITAL TO ANALOG CONVERTER 


sihtoeerte Mill, Inc., Riverhead, N. Y., 
inufacturer of filters for nuclear ap- 
tions has changed its name to Please send me, without obligation, specifications on the Litton 
lers Filters, Inc SEN D 20 & 40 ODA «, pilus a tabulation of 55 demonstration equations 


P Applied Research, Inc., Chicago, an COUPON 
ndustrial consulting firm engaged in 

nuclear research, has changed its name TODAY! Street _ 
to Booz, Allen Applied Research, Inc., 


with new offices at 135 S. LaSalle St., 


Company 


neenesdeesenenend 
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Specialists 
wanted for 


Nuclear 
Powerplants 


1. Senior Engineer Research o7 
Engineering: Nuclear physicist, 
PhD. (or equivalent experience) 
for basic studies in the application 
of nuclear power to air vehicles. 
2. Senior Engineer Research 
Nuclear Engineer, M.S. degree o1 
equivalent, with a background in 
unconventional powerplant design 
3. Research Engineer: B.S. degree 
in nuclear engineering. College 
work in general powerplant design. 
4. Engineering Specialist or Sen 
ior Engineer Research: M.S. or 
equivalent, with a strong back 
round in hydrodynamics and 
fluid mechanics to study basic re 
lationships of propulsion equip 
ment for air vehicles, 
5. Senior Engineer Research or 
Engineering Special wt: PhD. de 
sired with a background in nuclear 
energy, servo mechanism, controls 
or instrumentation. Should have 
preferably 4 years’ additional 
experience, 
6. Senior Engineer Research 
PhD. or M.S. degree with a back 
ground in heat transfer relating 
to gas or liquid cooled nuclear 
power plants, preferably of aii 
craft type. 
ma Senior Structural Kngu eer ov 
Stress Analyst: Several years’ ex 
perience in mechanical stress and 
structural analysis. M.S. or B.S 
degree or equivalent. 


Write: Mr. A. W. Jamieson, 
Rocketdyne Engineering 
Personnel Dept. ©-12 
6633 Canoga Ave., Canoga Park, 
California 


ROCKETDYNE F® 


A Oly N NORTH A 


BUILDERS OF POWER FOR OUTER SPACE 


NEWSMAKERS 





Westinghouse awarded two  metal- 
lurgists—Donald E. Thomas and Ken- 
neth M. Goldman $2,000 


prizes for their discovery of a broad 


special 


range of zirconium alloys which they 
developed originally for the structural 
parts of the Nautilus reactor and the 
cladding of certain components 
served with 
Britain’s Atomic 
Energy Research 
Establishment for 


Peter Fortescue, who 


10 years, has joined 
General Dynamics’ 
General Atomic di- 
GA he 


will concentrate on 


vision At 


experimental appli- 
cations of new engi 
neering concepts 
with AERE at Harwell For- 
helped set up a laboratory to 


While 
tescuc 
handle engineering problems associated 
with power reactor and diffusion plant 


including development. of 


Hall. 


programs, 
cooling arrangements at Calder 


S. Allan Lough has been appointed 
AEC’s health 
laboratory in the New York Operations 
Office succeeding Merril Eisenbud, 
who continues as manager of NYOO 


director of and safety 


Union Carbide Nuclear Co. has 
moted Sylvan J. Cromer to vice-presi- 
dent for 


pro- 


engineering. Cromer, who 
joined Carbide in 1944, has held many 
engineering posts at Oak Ridge, the 
most recent as chief engineer of the 
gaseous diffusion plant’s engineering 


division 


C. D. W. Thornton, who joined Farns- 


worth Electronics Co. in 1956 as as- 
sistant to the president for atomic en- 
ergy, has been appointed director of 


research and development 


Argonne National Laboratory has ap- 
pointed Paul K. Kuroda to its radio 
logical physics staff. Kuroda, a native 
of Japan, had been associate professor 
of chemistry at the Univ. of Arkansas 


since 1955 


Kenneth A. Dunbar has been appointed 
manager of AlC’s Chicago Operations 
Office, succeeding John J. Flaherty, who 
efit to 
Dunbar, with the atomic energy pro- 
1943, both the 


join Atomics International. 


gram since managed 


Paducah and Portsmouth Operations 
Offices while those facilities were being 
built. He received AEC’s Outstand- 


ing Service Award in 1956 


Stone & Webster Engineering Corp. 
has named Charles R. Claxton assistant 
chief engineer of its nuclear projects 


division 


seryllium Corp. has appointed Edmund 
M. Velten technical director. A spe 
cialist in nuclear metallurgy, he has 
been with the atomic energy program 


since the Manhattan District 


Atomic Industrial Forum elected 
to serve until 1960: 
James B. Austin, vice president for 


Steel 


The 


six new directors, 


research and technology, U. 8. 
Marion W. Boyer, director, 
Standard Oil Co. (New 
former AEC general manager; J. Victor 
Herd, 
can Fore Insurance Group; Henry D. 


Corp . 
Jersey) and 


hairman and president, Ameri- 


Smyth, board chairman of scientific and 
engineering research at Princeton Univ. 
and former AEC 
Cortlandt Williams, prysident, Stone 
& Webster Engineering 
Hood Worthington, I. 1. du 
Nemours & Co 


commissioner; T. 
Corp.; and 
Pont de 


Wendell A. Horning has joined Atomics 
International as group leader in theo- 
Horning pre- 
Ramo-W ool- 
worked on the 
and with 


retical neutron physics 
had 


dridge Corp 


viously been with 
where he 
analysis of reactor test data 


General Electric at Hanford 


F. E. Jablonski has joined General Mo 
tors’ nuclear power engineering depart- 
ment He headed the neu- 
Naval 
Washington, 


formerly 
tron section at the 


Res ur h 
> 4% 


physics 


Laboratory 


Nuclear Materials & Equipment Corp 
has appointed Francis M. Cain, Jr. 


manager ol metallurgical services 


David Bandel has been named associ 
ate technical director of Tracerlab, Inc 
Bandel, a been with 
AMF for the He suc- 
ceeds William Tittle, who has become 
Methodist 


is developing a 


chemist had 


past six years 
a prolessor at Southern 


University where he 


reactor engineering program. 


North 


named 


Carolina State College has 
Harold A. Lamonds reactor 
and E. Jack Story health 
physicist for its reactor facility staff 
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supervisor 








A scientific report 
on miracles to come 


NUCLEAR ENERGY 
IN THE SOUTH 


Edited by 
REDDING S. SUGG, Jr. 


This book blueprints the coming 
Atomic Age in the South to 1975 
It shows how the atom, harnessed 
for peace, will transform power 
production, agriculture, education, 
medicine and public health—how 
it will stimulate the economy and 
the living standard of the 
region, from Delaware to 


raise 
entire 
I e¢xXas 


Prepared by the Southern Regional 
Education Board under the spon- 
sorship of the Southern Governors’ 
Conference, this volume is the joint 
effort of scores of experts. Men in 
science, business, industry, govern- 
ment and education will find this 
book deserves their close attention 
8 full-page illustrations. 


$3.50 through your bookseller, 
or order directly from 


LOUISIANA STATE 
UNIVERSITY PRESS 





Baton Rouge 3, Louisiana 





WHERE TO BUY 


Featuring additional products, special- 
ties and services for Atomic Power, 
Nuclear Engineering & Applied Radia- | 


tion 











URINALYSIS SERVICE 


NSEC laboratories are staffed and equipped to 
perform routine and emergency urinalysis for: 
* Total uranium * Polonium 
* Enriched uranium °* Fission products 
* Plutonium * Gross activities 
* Other radioactive isotopes 


Nuclear Science and Engeneonng Comp. 


P.O. Box 10901, Pittsburgh 36, Penna. 








Larger Sizes Now Available 


Hi-D® LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls. 
Send for Circular GS-4 


PENBERTHY INSTRUMENT CO. 
430! 6th AVE. SOUTH « SEATTLE 8, WASH. 














THE MOST EXPERIENCED 


FILM BADGE SERVICE 
ST. JOHN X-RAY LABORATORY 
CALIFON, NEW JERSEY 
Established 1925 
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NUCLEAR CAMPUS 


® AEC has broadened its special fel- 
lowships in nuclear science and engi- 
neering to include study through the 
doctorate level 
stipends of $1,600-$2,000 plus expenses, 


Carrying annual 
these fellowships will be available to 


150 graduate students 


© The Commission has also established 


a program of financial assistance to 
colleges and universities for studying 
radiobiology and use of radioisotopes in 
life 


exceed $250,000, will be made for pur- 


science courses. Grants, not to 


chase of special laboratory equipment. 


Laboratory's In- 
Nu lear Science 


National 


ternational School of 


@ Argonne 


and Engineering has 62 students, 50 of 
them from 21 foreign nations, enrolled 
This enrollment 


SCSSION 


in its sixth 
brings to 355 the number of scientists 


and who have pursued 


the 


technology 


enginecrs 


course in unclassified reactor 


Courses 

Five training courses in radiological 
health and air and water pollution 
for January 
Taft Sanitary 


Public 


scheduled 
March at the Robert A 
Engineering Center, a U. 8 

Health laboratory in Cincinnati 
14-24, 


Jan. 27-81, 


have been 


includes: Jan. basic 


health: 


schedule 
radiological 


vironmental health aspects of nuclear | 


reactor operations; Feb. 17-21, detec- 


tion and control of radioactive pol- 


lutants in air; Feb, 24-28, detection 
and control of radioactive pollutants 
March 17 
engineering aspects of nuclear energy 


No tuition fee will be charged, 


in water; and 28, sanitary 


Training in radioisotope techniques 
offered to American 
scientists at the 
Radioisotope Techniques Training Cen- 
ter at the Univ. of Puerto Rico on the 
dates Jan 6-31, 1958; 
and May 5-30 


will be Latin 


newly-established 


following 


March 3-2s; 


A seminar on fusion is being given at 
Stevens Institut Ho- 
boken, N. J 3 p.m 
and will continue through May 


ol Technology 
each Tuesday at 
Sub- 
jects to be discussed during December 
at tl 


and January perhaps the first 


nonclassified fusion colloquium, in 


clude: experiments on the pinch effect 


collective coordinates for plasmas pro- 
fields, and 


nagnetic 


fields 


duction of s 
force-free magnet There is no 


fee for the seminar 





© IATION 


_DETEC: 
FILM 
BADGE 
SERVICE 


e BETA-GAMMA_  « NEUTRON 


Consistently 
Accurate 


HEALTH PHYSICS 
SERVICES CO. 


1109-13 Low St. - Baltimore 2, MD. 





GRIEVE-HENDRY 


PORTABLE ELECTRIC 
OVENS 


7 ~ 
” 
es 
} 
/ 
| 


re 


Model CR-1 


10 cu. ft. copacity-—30” $1105° 


wide x 25” deep «x 24” 
high. Removable shelves 
and drip pan 


f.a.b 
Chicago 


Portable. Adjustable temperature 
control to 225 Ff. Fan driven forced 
air circulation Unifozm _tempera- 
ture throughout. Plugs into any 
110V wall ovtiet——no special wir- 
ing required 

Quick Quotations 
Prices on 


Prompt Delivery 
—Reasonable Ovens 


made to your specifications. 
85 Standard models with 
perature ranges to 1000 F 
able. Write for literature 


fem 
avail 


GRIEVE-HENDRY CO., INC. 


1396 W. Carroll Ave., Chicago 7, ill 
Export Dept 


10406 $. Western Ave Ch IMinels 
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EMPLOYMENT OPPORTUNITIES 








SENIOR NUCLEAR ENGINEER 


RESPONSIBLE POSITION 
PIONEERING IN MARINE NUCLEAR WORK 
PARTICULARLY APPLICATION AND SHIELDING 


DESIGN AGENT FOR FIRST NUCLEAR MERCHANT SHIP FOR 
MARITIME ADMINISTRATION AND ATOMIC ENERGY COMMISSION 


Please Mail Experience Record 


GEORGE G. SHARP, INC. 
30 CHURCH STREET, NEW YORK 7, N.Y. 


SEARCHLIGHT 
hy on gle], | 


UNDISPLAYED RATE 

$1.80 a line 
DISPLAYED RATE 

$16.65 per inch 


Minimum 3 lines 


ADVERTISING INCH i” on one col 


uma, 3 columns—30 inches—to a page 











a TERRIFIC BARGAIN in a 
SOLA CONSTANT-VOLTAGE 
TRANSFORMER 


Ends fluctuating line 
voltage! 


BIG DISCOUNT OFF... 


factory price ata l-input 2 





Air Forces 2,000 VA overstock, Sola Cat. No. 30764, has 
4 inpute! 00-125 V 10)-250 V.. 60 ey. or DO ey. laolated 
constant 115.0 V. + 1% from uo load to full 

choose, use it ae a 220:115 V 

ot the One tory |-input price! 


ep-d 
Brand new in original wood 4 
tt iim FOR © $147.50 
(EXPORTERS Note choice of 50 cycles.) 
THE M. R. COMPANY 
P. ©. Box 1220-D Beverly Hills, Calif 














NUCLEAR ENGINEERS 
and 


PHYSICISTS 


Needed for Engineering 
Consulting Service 
in 
UNITED STATES 
and EUROPE 


For further information about 


job openings, send resume to 


internuclear Company 
7 N. Brentwood Bivd. 
Clayton 5, Missouri 





VENEZUELAN INSTITUTE FOR 
NEUROLOGY AND BRAIN RESEARCH 
CARACAS, VENEZUELA 


invites applications for the position of 
Scientific Director of Reactor Operations 


Candidates should have a degree in 
one of the physical sciences or en- 
gineering and experience in the op- 
eration of nuclear reactors and in 
the direction of research activities 
relating to the use of reactors and 
associated equipment. 

For further details regarding terms 
of employment, salary, living condi- 
tions, etc., candidates should submit 
detailed applications to 


W. H. Zinn 


General Nuclear Engineering 
Corporation 


P. O. Box 245, Dunedin, Florida 





Special Services 


Laboratory Equipment Repair Co,, 1810 W. Ogden, 
Cheo 12 il AO-Beckman-B&L-Coleman-Klett 
Leitz 


Industrial and Medical Laboratory Radiation In 
struments Repaired. Electronic Aides, 5 W Hub- 
bard, Chicago 10, Ill, MI 2-2134 


Books and Periodicals 


12-20% Discount on Technical Books Plus Liberal 
Yearly Dividend, Pic-a-Book, Box 4561, Washing 
ton 17, D« 








PROFESSIONAL SERVICES 





























SENIOR STAFF POSITION 
Primary responsibility to supervise 
routine isotope laboratory and some 
resident training. Research is encour- 
aged and supported, Desire experience 
in clinical uses of radioisotopes. PhD 
preferred, not essential. Salary de- 
pendent upon qualifications. For ap- 
plication or further information, 
ple ase write 

Dr. J. S$. Laughlin 
Department of Physics 
Memorial Center for Cancer and 
Allied Diseases 
444 East 68th Street, New York 21, New York 


John MacPhee 
Nuclear Engineer 


ORSORT Graduate P. O. Box 80 
Licensed PE 


Rowayton, Conn 
VOlunteer 6-2139 











EMPLOYMENT OPPORTUNITIES 























ENGINEERS 

If you have been looking for an Employment 
Agency that is skilled in the STATE OF THE 
ART of Technical Recruitment and RELIA 
es ITY OF INFORMATION concerning posi 

why not commenunicote wie us at once! 
ALL "POSITIONS FEE PA 

FIDELITY pensonenel. SERVICE 
1218 Chestnut St. Phila. 7, Pa 
Spectalists in Aviation, Electronica and Nucleonics 











Do you need competent men for your 
stoff? Men experienced in the Nuclear 


Field? Men to fill executive, or technical 


position? Advertise your need in this 


“Employment Opportunities" Section. 
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Position Vacant 


Physicist and a Mechanical Engineer for teaching 
and research. Excellent opportunity Textile knowl 
edge not necessary. Salary and rank open. Reply 
H. A. Dickert, Director, A. French Textile School, 
Georgia Tech, Atlanta, Georgia 


Selling Opportunity Offered 


Sales Representatives—Midwest manufacturer desires 
representation of its nuciear-clectrunic instrument 
line. RW.6687, Nucleonics, Class Adv. Div., P.O 
Box 12, N.Y. 36, N.Y 


Position Wanted 


Several Hanford trained Radiation Monitors are in 
terested in positions in Radiation and Contamination 
Control or related fields. Resume of experience and 
recommendations can be furnished. Write P.O. Boz 
102, Richland, Washington 
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COBALT MIRROR 


measuring 
the free decay 
of polarized 
neutrons 


. AM YOnnNe 


NATIONAL LABORATORY 
ted t jniversity of Chicago under a 
States At Energy Commission 


inquiries invited 





REACTOR BEAM HOLE 












ELECTRON DETECTOR 


Waa -)-te!c]-14-1—) 
“ .../N LEADERSH/P 







A fundamental test of the various theories of 

beta decay which have been inspired by recent parity 
experiments is obtained from the quantitative 

measurement of the spatial asymmetry of the beta particles 


emitted in the decay of free polarized neutron 


For these measurements, neutrons with identical spin 
directions were selected from a neutron beam from Argonne’ 
CP-5 research reactor by reflection from a magnetized 

cobalt mirror. This technique for obtaining polarized neutrons 


was conceived and developed by Argonne scientist 


PROFESSIONAL PERSONNEL OFFICE 
P.O. BOX 299 LEMONT, ILLINOIS 


Electrical Engineers + Industrial Hygienists 

Metallurgical Engineers « Physicists « Mathematicians 
Chemical Engineers . Metallurgists . Computer Engineers 
Chemists « Health Physicists + Electronic Engineers 


Mechanical Engineers 


EMPLOYMENT OPPORTUNITIES 


= REACTOR PHYSICISTS 


The Knolis Atomic Power Laboratory is currently 
designing the nuclear power pliant which will 
propel the Navy’s new destroyer-class vessels. 


"I' wo reactor physicists are needed immediately as technical leaders in 
work with critical assemblies currently under construction. They will de- 
sign, perform and analyze critical experiments to measure important re- 
actor physics parameters such as neutron flux distributions, thermal utiliza- 
tion, control effectiveness, temperature coefficients, fuel requirements. 


"I’hose applying should have a Ph.D. in experimental or theoretical 
physics, several years’ experience in industry, a flair for analysis, and a 
keen interest in the nuclear field. Growth potential will be major 


factor in selection. 


Starting salaries will range upward from $10,000, depending upon 


qualifications. 


POSITIONS ALSO OPEN — 
B.S. OR M.S. REQUIRED — FOR EXPERIENCED: 





Computer Programmers + Reactor Core Designers 
Stress Analysts - Theoretical Physicists + Metallurgists 


U. S. CITIZENSHIP REQUIRED 


If you can qualify, send letter giving details in confidence to: 
Mr. A. J. Scipione, Dept. 44-L_M 


_ Knolls Alomic Power Laborilory 


OPERATED FOR AEC BY 


GENERAL @@ ELECTRIC 


Schenectady, New York 
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shown in use with Mode! LS-7M Lead Shield 
and MoGel $0-1 Scintillation Detector 


Model AB-2 Calibrated Absorber Set 





Write for complete catalog 


entitled “Instrumentation 


for Nuclear Research” 
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Nuclear Research 
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How to Use the Index 


Aas in the case of previous wucLBontce indexes 
we have introduced a number of changes in this 
year's index headings 

Bince more 1057 articles are devoted to reactor 
topics than ever before, many are now found under 
such headings as 

Fuels, reactor 
of complete reactors are indexed 
‘Nuclear reactors, propulmon 


Components, reactor and 
On the other hand, descriptions 
inder Nuclear 
reactors, power P 
‘Nueclear reactors, teat ete Companies are 
listed by name under the heading ‘ Industry 

Other minor changes have been made How 
ever, any diffieulty should be precluded by 
crona-referencing 

The chemical elements are indexed b 


liberal 


of the particular element, ¢.¢., cobalt 
uranium, zirconium 

Particular countries are 
ea. Britain, France and Canada, as are 
organizations, e.@., Atom 
though not individual companies, which are found 
Industry 

Feature articles are for the 
under three or more headings, dey 


indexed individually 
arious 


Energy Commisasion 


under 
most part i 

‘ading on the 
News items and shorter 
AR, ete.*) are in 


pully 


nature of the article 
departmental articles (CS, NI 
dexed under fewer headings since th« are 
more specific in subject matter 

Due to tight publication scheduling, the Decem 
ber ‘‘ Roundup” has not been indexed 


SUBJECT INDEX” 
A 


Absorption (See Shielding) 
Accelerators 
lon beams provide surface inapectio ik 
Aug 100 

Linear accelerators as radioisotope producers 

M. MaeCiregor (AR) Nov. 176 
Van de Graaff is drug sterilizer (AK Fet 06 
Weat const, east coast—services (AR Oct 

ate with electron accelerator facilities irradi- 126 
Accidents (See Safety) 
Activation Analysis (See Hadi 

tions) 
Aircraft, Nuclear-powered (s+ 

actors, Propulsion) 
Air Pollution (See Health Phy 
Alaska 
Alaskan APPR seen soon (2) 
Alpha Particles 
Large-sensitive-area portable 

RK. Ryder, H. Hardison (CS 
American Nuclear Society 
Haworth is new president; other officer 


alplia 


Pittsburgh unit gete State role examir 
clear engineers (2) 
Argentina 
Studying power plant offer from J. Chrinte 
Corp. Ut) June 
Argonne National Laboratory 
Argonaut enters service (2) Mar 
Hilberry confirmed as ANL director (R). Mar 
Seventeen ANL, reactors listed (# Apr 
Spinrad succeeds Barnes as reactor engineering 
chief (2) N 
THUD program underway on ceramic 


Atomic Energy Commission 

AEC concludes contract negotiations with 
braska CPPD (RR) 

AEC declassifies 05% enriched uranium 
( 


) 

AEC geta first two Sd-round proposals 
Northern States and Florida Nuclear Power 
groups (R) June 

AEC invites third-round bide (R Fel 

AEC loses reactor program control to Congress 
(#) July 

AEC names members of Advisory Committe 
on Reactor Safeguards (2) Nov 

AEC's fast-reactor program Apr 

AEC year-by-year (R) July 

Congress, AEC hassle over civilian program (# 

Congress, industry reviewing program (R 

Mar 
Congress passes broadened 1058 reactor pro 
gram; AEC reactions (2) Sept 
Javis urges concentration on water reactors 
Strauss says our role is “clearly to develoy 
widest possible range" (2) No 

Deadlock looming in Congress may stall atom 
work (R) May 17 
*The notation “(R)" indie reference is 

Roundup; " (Rdit)" an editorial; (CS Cross See 

tiona;~ “(NE)' Nuclear Engineering; NEN) 

Nuclear Engineering Notes; '(LE)" Letters to the 

Editor; "(TA)" Technical Advances; 4k)" 

Applied Radiation, 
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15-day notice of license grant to be required 
under new rule (2) May 
Floberg, Graham named to AEC (R) July 
Inspection groups set up in 9 operations offices 
¢ . May 
John von Neumann dies (2) Mar 
Mitchell resigns as counsel; diamond acting (2) 
July 
1958 budget up 24 %; breakdowns (2) Feb 
Offers inducements for a private reprocessing 
plant (f) May 
Offers reprocessing service for private reactors 
( . Mar 
Orders BIR Mk A deactivated (R Apr 
Political history of the peaceful atom ( Al 
ardice, E. Trapnell Sept 
lls access permittees on program effective 
jens (Ft Feb 
Power for diffusion plants leveled out (2 Oct 
Problems consequent to AEC move out of 
downtown Washington (2) July 
Progress reported in 22nd semiannual report 
4 Aug 
Publishes first financial statement (R Jan 
Publishes regulation for fissionable shipments 
VEN) Nov 
Rejects Holyoke, Orlando, Florida Universit 
proposals (R Jan 
Keleases plutonium price, ups it 150% (Rk 
June 
Seeks new bide on Elk River plant (R Nov 


Seeks to allay 


bearishness on nuclear power (R 
Apr 

Sets chemical reprocessing coat (2 Apr 

Strauss announces third-round reactor aid plan 
R) Jan 

Stretches out fluid-fueled reactor offer (#2). July 

lo review status of Monticello U-mill (2). Feb 

lo teach atomic firefighting (/) Mar 

Zist semiannual report cites reactor progress 
R 

Working with Justice Dept. to watch for 
trust violations (R) 

Yields on private reprocessing, will continue to 
ywrovide service (It) 


pr 
Applied Radiation (See Radiation appl 


Atomic Energy Act (See Congre 
mittee 
Atomic Industrial Forum 
Columbia insurance study completed (/). ket 
Cosponsoring safety meeting with Ak( ANS 
{ June 
Liste biggest industry obstacles: lack of incen 
tive, insurance and government secrec R 
ket 
Nuclear week in New York Oct 
Plans sessions in Japan (/) May 
lo hold joint meeting with Japan AIF in 
lokyo (R) Feb 
Australia 
Another big U operation planned (R Apr 
South Australia reported seeking | 
reactor (7) 
U,O. production to be 1,000 tons/yr (R 
Autoradiography (See also Radiography and 
Inatruments, Detection, Photographt 
Autoradiographic determination of 
tivity in rocks A. Abrahams (CS) 
BS eo) Uranium in rocks G. Eichhols 
LE July 114; (reply) A. Abrahamsa (LF) 
July 
New dimensions in autoradiography if). Dec 
Shadow autoradiography of beta-emitting par 
Dockum, R. Borasky (CS). Nov 


B 


ticles 


Beigium 
Congo reactor market eyed by Belgonucléaire 
R June 
Contract for BTR signed with Westinghouse 
R May 
Independent nuclear industry, plutonium ex 
port sought (2) Feb 
Inga project in Congo could yield cheap power 
for diffusion (R) Sept 
Beryllium (See Nuclear Reactors, Material 
Beta Counters (See Jnstruments, detection 
Beta Rays 
Beta-sensitive personnel dosimeter H. Hul 
bell, Jr., @ al, (CS) Feb 
Low-background counter for solid B-emitting 
samples 8. Softky, R. Nather (CS May 
Three beta-absorption methods--how do they 
compare? J Benes. F. Thomas Oct 
Betatrons (See Accelerators) 


Biology (See Medical Physica and Research) 
Book Reviews 
Annual Review of Nuclear Science, Vol. 6 


1956."’ edited by J. G. Beckerley, et al Apr 
Atomic Energy For Your Business by Ar 
nold Kramish, Eugene M. Zuckert Feb 
Atomkraft,"’ by Friedrich Munzinger July 
Clinical Use of Radioisotopes,”” edited by T 
Fields, L. Seed Sept 
Die Technischen Anwendungen der Radio 
activitaet,”’ by E. Broda, T. Shoenfeld. Mar 

Energie Nucléaire dans le Monde,"’ by 
Thomas Reis Oct 
Medical Effects of the Atomic Bomb in 
Japan edited by A. W. Oughterson, 8 


Warre n, Jan 
Nuclear Engineering,’’ by Charles F. Bonilla 
Sept 
taymond L 
June 
Reactors for Research,"’ by Clifford 
K teck Mar 
Progress in Nuclear Energ Series 2, Reac- 
tors, Vol. 1," edited by R. A. Charpie, et al 
Jan 
Progress in Nuclear Energy Series 4, Tech 
nology and Engineering, Vol. 1,"’ edited by R 
iret, 8. McLain Jan 
The Effects of Nuclear Weapons,"’ edited by 
Samuel Glasstone Oct 
Boron 
Soron-10 production up, available to civilians; 
process described (R Mar 
Brazil 
A&P power reactor set for Rio area (R)..Apr 
First reactor parts reach Brazil (2) Mar 
Gets power bilateral (R Sept 
Need for A-power due in 1975, says NPA study 
R May 
New AEC members named (2 Jan 
Sao Paulo pool goes critical (2 Oct. 
Sao Paulo state to get Martin two-reactor sta 
tion (Rk June 
$3-million credit opened for atomic work by 
ihitachek (#2) Feb 
Breeding (See Fuels and fuel element actor, 
and Nuclear reactors) 
Britain 
Admiralty may order big A-tanker; orders sub 
turbines (2) May 
AEA sets up a safety branch (2 July 
AEI-John Thompson and Morgan Crucible 
Nuclear Graphite Co. (R Feb 


Reactor Physics 


form 
tritish miffed by U. 8. salesmanship at Japa 
nese Forum (R June 
Civil stations to make S-mil power: Cockcrott 
R Nov 
wate of British program yet to be clearly fixed 
¢) Apr 
Dounrea Materials Testing Reactor nearing 
completion (R) Oct 
Dounreay reactor center nearing completion 
R Oct 
Expands power program (chart) (R) Feb 
Fifth consortium formed (Richardsons West 
garth, Crompton Parkinson, International 
Combustion, Trollope & Colls, and Hannen 
& Cubitts t) 
First civil station awards show advances (2) 
Jan 
First fast reactor altered to behave like a slow- 
fast (Rf) 
Fuel sales office set up in AEA (R) 
Fusion work being farmed out to industry 


Feb 


Graphite low-energy research reactor started 
ip (h) 
High-energy research center proposed (AR) 
Hinkley Point—Britain’s biggest yet 
Hinton leaves AEA for new power post () 
Sept 
Industry trade association formed (R Jan 
Insurance panel to handle nuclear risks set 
(R 
Irradiation creep strikes at Calder 
ment trouble (R 
Japanese traveling mission for Calder-ty 


Ministry of Power gives green light to Hinkley 
Point (R) July 
North Rhine-Westphalia seeks a Dido-type 
reactor (R) Jan 
Nuclear merchant world-wide efforts 
ov 

Order placed with Vickers for HMS Dread 
nought (R) Apr 
Orders for A-plants seen hitting $1‘i-billion by 
57 (A June 
Owe sueceeds Hinton at AEA (R Oct 
Picks Welsh sites, OK's Hunterston site (2) 
Sept 

Reactor accident at Windscale (Ni Nov 
Sale of a Calder-type in Italy reported (2). July 
Saunders-Roe Princess plane may get an A 
engine (Rf) July 
Second Harwell for Winfrith Heath (2 Mar 
Station for Ulster planned (FR Apr 
Super-large station proposed for Hinkley Point 
(R) June 
10 stations may do work of 19 first planned (# 
June 

for Halden (R 
Sept 

I'wo big A-tanker projecta set up (2) Aug 
UK claims power export lead on value of sales 
R Aug 
Windacale accident —official report Dec 


G 


ships 


To supply 9 tons U to Norwa 


Canada 

5 U. 8. firms authorized to exchange info with 
Canada (2) Jan 

May sell U to W. Germany (72) Apr 

NPD work stopped while pressure tube use 
studied (2) June 
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102 


102 


102 


138 


R6 


19 
R10 


7. 
20 
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Ri‘ 
it 





el element plant in production (Af) 

1ov 

U-production booming (R).June 

to Germany (R) May 

I j production recketing (R) - Nov 
Carbon (See Nuclear A eactors, Materials) 

Ceramics See Fuels aad fuel elements, reactors 

N ear reactors, materials) 
Chemic al Reprocessing of Fuels (See also 
ap phic ations and Fuels and fuel ele 


ocessing 8S. Lawroski Sept 
tme to minimize processing 
Arnold June 
processing G 
ar 
ul ation under glovebox condi- 
Hyde, D. O'Connor (CS) Jan 
cessing—1l: aqueous methods E 
Ir Oct 
essing series-——2: volatility and low 
ution methods J Andersor 
De« 
processing of spent uranium 
ers une 
uffects organics in solvent ex 
of fuel J. Goode Feb 
rests smal! package reprocess planta 
1OV 
ved analyses for tri-n-butyl 
R. Allen, M. DeSesa (CS). Oct 
cling with molten UF, \ 
Nov 
met gical reprocessing plant L 
Bas J. Koslov Aug 
Chemistry (See Hadiochemistry) 
Classification Policies 
AEC declassifies U production, reserve figures 
sssification guide out (AR) Jan 
tion here in act. slow coming in fact 
Aug 
of the peaceful atom ( 
E. Trapnell Sept 
Components, Reactor (Sve also Controls, reac 
eseels; and Pumps and valves) 
stem for EEWR turbine seals 
Vi Apr 
components delaying nuclea 


Aug 
s fabricated for APPR (NEN 
Oct 
z omum cans for SRE moderato 
}. Leppard June 
t flowmeter for liquid sodium 
Pfister, R. Dunham (NE) Oct 
samples from liquid metal loops 
G. Fluke NE Oct 
gen for pressurizer (NEN Aug 
and controls for HRT LD 
Fet 
new control drive mecha 
a iNi June 
testing of reactor components 
Oct 
technical problems Ww 
Sept 
5--equipment market 
Sept 
how promise as reactor control 
W. Andersor 
new safety element (NEN) 
r processing: how it is 
A. Medin (NA De« 
thermometer for nuclear-reactor 
I ias (CS Aug 
ton rotating shield (NEN) July 
eat ctor enclosure tightness Aug 
Computers 
° eappunees and Computation 
digital computers in nuclear engi 
ay 
tation in nuclear engineering 
Cirace May 
ise in the nuclear field. May 
reactor interaction } 


to digital computers 
with a digital computer 


ands Of samples in 
K. Relf 


stem for nuclear-power 


nuclear field 
fast reactor 


my 


reactor problems 


ters 


simulator Vranz 

Ma 

B pinrad Sept 

ligit computers in reactor desigr 

Sangres Ma 
Congressional Committee, Joint, on 
Atomic Energy 
just reviewing program, worr 

ste (PR Mar 
A} ver civilian reactor 
Aug 

1958 reactor pro 

Sept 

A-power develop 

Apr 
Mar 

Aug 

k Fet 

AKC blamed for indus 

r Nov 
JCAE consultant as AEC term 
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expires (R July 
Plans for 202 hearings : Feb 
Political history of the peaceful atom. ¢ 
Allardice, E. Trapnel! Sept 
Tells what it seeks in U.S. Calder-type (2).Oct 
Van Zandt proposes compromise reactor plan 
tt) dune 
Warns on making U. 8. Calder-type time limit 
too short (2) Oct 
Containment, Reactor 
New containment strategy (VEN July 
Testing reactor enclosure tightness Aug 
Controls, Remote (See Kemote Controls and 
Handling Apparatus and Controls, reactor) 
Control Systems, Reactor 
A first look at fusion-reactor control M 
Schultz June 
Analog computation in nuclear engineering 
8. Johnson, J. Grace 
Effectiveness of ontrol-rod materials H 
Iskenderian (NE Nov 
French reactor instrumentation J Weill 


ug 
Instrumentation and controls for HRT D 
loomb, Jr Feb 
Instrumentation and controls for HRT 
Toomb, Jr eb 
Measuring the prompt period of a reactor, G 
Brunson, e al, (NE Nov 
Moderator control extends burnup Aug 
Rare earths show prornise as reactor-control 
materials W. Andersor Jan 
Reliable reactor protect: E. Siddall 
June 
Magnetic jack ‘ ontrol drive mecha 
nism J. Young June 
Polyethylene tubing for instrumentation ap 
plication B. Kupe wk July 
Coolants, reactor ulso Heat Transfer and 
Nuclear Reactor 
Determining coolar win SRE fuel elements 
W. Freede, T. Shimazak ' 
Diphenyl as : ermodynamic fluid D 
Purdy (NE Apr 
p-« magnetic flowm oO juid sodium 
loops. C. Pfister i NE) Oct 
How to take samples i metal loops 
M. Weech, G. Fl \ Oct 
Resistance of terphenyls to and radiation 
Colichman, R. Fist bet 
Costs (See Kconon 
Counters (See J netruments, Detection 
Counting-rate Meters See Ty 
electronwu 
Critical Assemblies 
Godiva wrecked at Los Alamos (NE Apr 
ZPR-5: two-region critical assemb! TA) Jar 
Critical Facilities (See aleo Nuclear reactor 
Critical masses of orallo assembles Gq 
Graves, H. Paxtor June 
KAPL's PPA has 10,000 start-ups (2 ket 
Teflon critical-experiment fuel elements 
Swanson, Ff. Welch (NA Aug 
Cross Sections, Nuclear (See Neactor physics 
Cuba 
AAFP says will be operation by 1050 (Rh) 
Mar 
iban AEC says wor on A&lP reactor to 
start (2 Jan 
Czechoslovakia 
Czechs hard put t ‘ inmmian orders (kt 
June 
Major constr pole at nuclear 
center (R Jul 


Dam e, Radiation (See Radiation effects) 
Data 8h 8 
Gamma attenuation with buildup in lbad and 
iron DD. Chappell Jan 
Gamma-detection efficienc of organic phos 
phors K. Roulston, 8. Naqvi Oct 
Gamma-ray streaming through a duet i) 
Chappell July 
Radiation from neutron-activated slabs and 
cylinders WwW Lewis Apr 4 corr.) 
Data sheet 19 errata, W. Lewis (LE). . Sept 
Decontamination 
Decontamination i processing plants a 
Sadowski Mar 
Testa of decontaminanta for steel, lead and 
glass. J. Huff (CS June 
Throw-away filter i radioactive liquids 
licholls. ¢ one \ Nov 
Denmark 
Buys third reactor, « l from UK (RR). July 
Geta power plant offs 0 AMI Mitchell 
group (Rh Ma 
First reactor operating (# Sept. 
Water-boiler shipped from Los Angeles (R 
June 
Detectors (See J netrume detcation) 
Dosimetry 
ASTM to evaluat liation testing (AR 


Be ta-sensitive p onl lomimeter 
bell, Jr., 4 al 

Cerenkov-photov nonitor for high-inten 
sity radiatu mas, Jr., dal, (CS 


Apr 
Gamma-ray done om spent MTR 
fuel elements t Marsden 
Apr 
Hanford adopts 1 plastic fi badge 1 
Kocher (CS De 
Photographic method for megaroentgen dosim 
etry H. Nitka, D. Jones (AR Oct 
Radiation from neutron-activated slabs and 


eylinders Ww Lewis Apr “4 ovr 


Data sheet 19 errata W. Lewis (LE) Sept. 201 
Scintillation dose-rate meter is reliable, easy to 
maintain W. Spear (CS May 06 
Scintillator damage future dosimeter? (AR) 
Mar us 
Self-powered reader for D T-60 glass dosimeters 
J. Schaffert (C'S) Dee 


E 


Economics 

AEC seeks to allay bearishness on nuclear 
power (2 Apr 

Choosing storage time to minimize processing 
costs J. Ulimann, E. Arnold June 

Congress, industry reviewing program; costs 
rising (R) Mar. Rl 

Durham expresses concern on rising costs 


EBWR power costs 
Economics of waste disposal H. Zeitlin, « 
Jan 
Enriched vs natural t June 
Evaluation of a homogeneous reactor Oct 
Fast breeders are easential to future atom 
power H. Bethe Apr 
How cheap can isotopes become’? (AR Sept 
Lack of economic incentive is biggest obstactk 
to industry, says Forum (? 
NU survey analyzes international trade 
ments (2) 
Power reactors | The government view 
Davis, 4 al 


Power reactors 2— Economic trends Start 
Sept 


Sept 


Power reactors 4 , 0 itilities 
Sporn 

PWR and Calder Hall —-how 
D. Herron, A. Puishes 

Editorials 

Atoms for peace in jeot 

Atoms for power: U. 8. pol 
wo nt 

i, a guest editorial N. Hilbers 
us } International perapectives 

ended denpensten nuclear statesm 


U.8., the world leader in nuclear px 
Education (See also Meeting 
Argonaut Argonne's reactor 
training K. Armetrong, ¢ 
Army seeks nuclear manpower 
AEC to teach atomic firefighting 
Buffalo U. plans reactor start (f# 
Manpower seen doubling t luo 
Navy trains 2,000 technicians a ye 
PWR training simulator J 
Alliston 
Six universities picked t OnsORT 
h) Jar 
Tennessee U. gete Zr thern 
contract (R 
Texas A & M planes 
reactor (R 
U. Michigan Law School plane Adaw ce 
bel 
Univ. Virginia establishes nuclear center, plans 
1-Mw pool (ft et 
Electronics (See J/netrument 
England (See Hrita: 
Euratom 
15,000 Mw by 1067 goal set 
5O0-man mission tour 
Plan details given; ¢ held f 
Btudy finds Calder, water 


ft 
Exponential Assemblies 


F 


Fintana 
Pinnish nuclear acientiate see 
R) 
Seeking a subcritical facilit K 
vis fonable Materials (see / 
ents, reactor 
Fission Products (See Jsotope 
products) 
Foils (See Instruments, detectio 
Foldouts, Reactors on the Line 
NUCLEONICS reactor file no. I rea 
line; EBWK 
NUCLPONIC® reactor file 
line; APPK 
NUCL®ONICS#® reactor file 
line; SRE 
France 
Acceleration program: 2,500 Mw |} 


EDF-1 exeavation completed as 
greases (it Jul 
EL-3 started up (1) Jul 
France confirma U-strike in Gabon (i Aug 
Marcoule nearing completion; Pu plant to open 
at year-end (# 
Nuclear merchant ships ——world- wide 


Uranium production figures d 
facilities (it Jas 
Fuels and Fuel Elements, Reactor (ee aleo 
Chemical reprocessing of fue 

Applying thermodynamics to liquid-metal-fuel 
reactor technology J. Kean, Rh. Wiewall 
NE) 

Argonne working on THUD cer 
(hk 


Propatome formed in A-ship field 
sclosed; new 


AEC offers inducementa for 
ing unit (1) 
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AEC offers reprocessing for private reactors taile (R Sept Jethlehem Steel Co. interested in building 
W Germany may get U from Canada (2). Apr merchant A-ship (R Jan 
AEC regulation for fissionable vit ) Graphite (See Nuclear reactors, material arolinas-Virginia Nuclear Power Associates 
(NEN) 2 Great Britain (See Britain design study under wa R Feb 
AEC seta chemical reprocessing coste (2 Greece hicago Bridge & Iron Co. in agreement with 
AEC yielda on private plant, will contir 0 Buys pool from AMF Atomics (RR Motherwell Bridge & Engineering (2).. June 
offer interim service (it) ov 4 Firet reactor partes arrive (RK ‘ levite Corp. establishes nuclear materials 
B&W making elements for Danish, Livermore group (R Mar 
reactors (i) j 2 H levite Corp. joins Case Nuclear Center group 
Horax-4 uses UOs-ThOs pelleta (NEN Aug R July 
Buret-slug Cerenkov detector. ( Gordon Heaith Physics (See also Dosimetry Denver & Rio Grande Western R.R. using 
J. Hoover (NEB) Jar Alpha-scintillation monitor for hands and irradiated coal as diesel energy booster (R 
Cat fuel rode W. Kelley (LE } ; clothing J. Nicholls (CS) Mar 80 May 
Cermet fuel plates fabricated for APP KH (NEN) Jeryllium-hazard detection using polonium-210 Details of RWE plant sale (AMF Atomics 
Oct Y alphas R. Gold (C8 Nov. 114 (Rk May 
Enriched ve natural t June Hanford adopts new plastic film badge L Eleven Texas utilities set up foundation (7) 
Fabricating and testing tubular fuel elements Kocher (CS Dec 70 May 
&. Btorchheim (NE) Jar 5 Large-sensitive-area portable alpha monitor Easo Shipping Co. would like to be first to 
Past breeders are essential to future atomic R. Ryder, H. Hardison (CS) Jul 82 operate an A-tanker (# Aug 
power H, Bethe Apr Molecular sieves adsorb iodine-131 from air Foote Mineral Co. has lithium tails available 
Viret report good on Borax-4 ceramic core (it M. Wahlgren, W. Meinke (C'S) Sept to industry (R) ine 
lf-powered reader for DT-60 glass dosimeters General Dynamics assigned sixth A-sub, from 
Yuel reprocessing series — 2: volatility and lov J. Schaffert (C8) den 1958 program (R) ar 
decontamination methods E. Anderson Technique for monitoring tritiated-water vapor jeneral Electric building $500,000 fuel element 
De in air, CC. Ziegler, A. Schwebel (CS) Jan ‘ facility at San Jose (2) “ 
Ciamma-ray dose and heating from apent MTR Teste of decontaminants for steel, lead and General Electric contract signed for Venezuelan 
fuel cleaments W. Francis, L. Mareder glass J. Huff (C8) June pool reactor (R) June 
Apr What's inaname? H. Blatz (LE) Aug General Electric dedicates Vallecitos nuclear 
GE, Sylvania-Corning, D. BE. Makepeacelbuild Heat Transfer (See also Coolants, reactor and research center (R June 
fuel plants (1) Ma 2 Nuclear Reactors, Materials) jeneral Electric designing AEC'’s 14th plu 
Glass fibers —a new form for reactor fuels Analog study of boiler-reactor interaction } tonium production reactor (R Nov 
Harteck, 8. Dondea (NE) if tjorner, B. Cassidy May jeneral Electric establishes substantial fusion 
tontopes analysie of uranium J. Lov Heat Exchangers (See Components, reactor research program (R July 
Hoberta ly 72 Heavy Water General Electric offers Japan a Dresden copy 
* Metallo-organic polymers — possible j AEC shutting down Dana plant (# Jan R July 
materials A. Reataine (NE) sept Modifying CP-5 for 4-Mw operation Ww General Dynamics unveils Irga, Rega, ‘Iriga 
Nondestructive testing of reactor components MeCorkle (NE) Fet family of solid homogeneous reactors 
W. Me‘ionnagle Oct / Hot Laboratories Nov 
Norton making ceramic elements (ff) Fel NRTS has longest periscope (CS Oct jeneral Nuclear Engineering Corp. asked to 
Olin Mathieson, American Lava building fuel + D color TV used in ANP hot cell (NEN) Oct 5 study Puerto Rico power reactor (R) May 
element planta (it) Oct jeneral Nuclear Engineering Corp. designing 
ORNL proposes molten salt reactor Aug | modified Argonaut for Univ. of Florida (2) 
Problema of remote fuel fabrication —-how the June 
were met for EBR-II A. Shuck Dee Incidents Nuclear (See Safety) jeneral Nuclear Engineering Corp. designs 
Reactor fuela. A. Kaufmann Sept y India Isotope Products’ cobalt-and-steam reactor 
Teflon ecritical-experiment fuel elements J A-power seen by 1961; Trombay dedicated (2h) R) Apr 
Swanson, FF. Weleh (NE) Aug Vet jeneral Nuclear Engineering Corp. engaged 
$10-million for Argonne center, $5-m. for exts Large power program to be finalized by mid by Florida Nuclear Group and CVNPA to 
sion fuel element plant authorized (2 Aug 1958 (R Oct design reactor (R) June 
Uranium dioxide for fuel elements H. Haus Price set for Vitro DeO plant at Nangal W. R. Grace & Co. disenchanted with thorium, 
ner, R. Milla (NF) Jul Jan seeking to end AEC pact (R Oct 
Wafer seanner locates U™* burnup in fuel (CS Seeks a critical facility; materials plant W. R. Grace & Co. starting production plant 
Aug j R Mi ? for U, Th, rare earths (R May 
Fusion (See Thermonuclear Power Speeding U-metal plant to make CIR elements Pau! Hardeman Inc. gets SPERT-2 contract 
R Jul 4 July 


y i 
G Trombay reported dickering on a small power Hardeman low bidder on expended core facility 


reactor (ft) Mar at NRTS (R Apr 
Gages (Bee Radiation applications and Inatru Indium (See Films) Heavy-water reactor type chosen for CVNPA 
menta) Industrial Applications of Radiation (s«« R) Oct 
Gamma Rays Radiation applications) High Voltage Engineering Corp. will rent time 
Aural counting-rate indicator C. Harris, et al Industry in its Burlington Van de Graaff (R) Aug 
(C8) Mept ACT’ Industries geta U. 8.-Calder-type design Hopkins dead; Frank Pace succeeds at General 
Calculating gamma heating in reactor etruc with Kaiser (ft) Nov Dynamics Corp. (R July 
tures, H. Claiborne, et al. (NE Oct ACK Industries to design Case teat reactor (R Ingalls Shipbuilding Corp. gets 2 1958 A-subs 
Encapsulation makes monitor independent of pr R) Mar 
environment M, Jachter, A, Cohen (¢ Aerojet-CGeneral Nuclonics gets construction Iridium-192 spill at M. W Kellogg Co 
Sept permits for 17 AGN-2018 (R) July 2 Houston, contaminates lab (R June 
Gamma attenuation with buildup in lead and Alco gets Alaskan reactor design job (R) ) Kaiser Engineers gets U. 8.-Calder-type design 
iron DD, Chappell Jar fi Alco licenses Humphreys & Glasgow to job, with ACF (R) Nov 
Gamma-detection efficiency of organic phos pwr's (R Kaiser Engineers in trade pact with C. Itoh of 
phors K. Roulston, 8. Naqvi Oct American Foreign Steamship Co, interested in Japan (R) Oct 
Gamma-ray dose and heating from epent MTR A-ships, hires American Nuclear Science Kaman Aircraft Corp. forming nuclear division 
fuel elements W. Francis, L. Marader Corp. as consultant (R) Sept at Albuquerque (2) 
Apr American Gas & Elec. plans big research pro Lockheed Aircraft Co. announces it’ 
Gamma-ray streaming through a duet D gram including pilot power reactor (R). Apr working on missile propulsion (R) 
Chappell Juals American Lava Co, entering nuclear field to Mallory-Sharon Titanium Corp. founds Reac 
a recording gamma-ray spectrometer make ceramic fuel elements; building nu tive Metals Inc with National Distillers 
. Venable, Jr. (CS) clear research center at St. Paul, Minn. (# R Mar 
Germany, East Oct Martin Co, completes gamma facility (R). .Jan 
Construction underway on lat research u AMF Atomics reported dropping power rea Metals & Controls nuclear producta division 
contract concluded with Russia for prey tors, concentrating on research reactors (7? to be made a subsidiary firm (2) Sept 
tory work on power plant (/) | { Nov Metropolis, Ill, site chosen for private 
Plans A-ships, 20 central stations by 1070 AMF Atomics sells pools in Italy, Portugal (# plant (R 
July 4 July f Middle South Utilities ask proposals of 
Germany, West AMF Atomics sells research reactors to Israel GE, Westinghouse, GNEC (R 
AMF. Mitchell group withdraws offer; new bide Univ. of Florida (2) June NDA in agreement with Belgonucléaire 
sought; Calder-type considered (/) Nov { AMIF-Mitchell makes power reactor offer to . i 
Bundestag fails to pasa reactor-constructior Denmark (R) May : ‘ » another expansion, at Greenburgh 
law (i) Jul AMF.-Mitchell team sella Germany's first / R July 
Int 5 reactors soon to be operating; DeO era power reactor (R) Mar. I NDA will design Belgian materials test reactor 
phite being made (2) Sept ; AMF Atomics sells pool to Greece (Rh Feb t BR-2 (Rk Jan 
Firat fuel elements of German raw materia AMF Atomics to build pool for Carbide Ster! New Con Ed fuel element designed (R Apr 
completed (2) Mar ing Forest center (R) Mar by Newport News Shipbuilding & Dry Dock Co 
Forging ahead: AVR buyae pebble-hed: Balke Are conventional components delaying nuclear gets ite first A-sub, in 1958 program (R 
ups goal; U centrifuging reported done progress? Aug Mar 
cheaply (i) June 23 Armour Research Foundation reactor back in Newport News Shipbuilding & Dry Dock Co 
Founded by Bavarian state govt., Farhwerk« operation (R) Jan tau build first A-carrier (R Sept 
Hochat, & 4 utilities (2) Ma ) Atlantic Research Corp. offers new consulting Norton Co. making ceramic fuel elements (2) 
Germany finds U in Bavaria, Baden-Wurttem project services (R June Feb 
berg; plans U-ore dressing plant sin Atomics International sells water-boiler to NRC Metals Corp renamed Columbia 
land (R) q 27 Milan Polytechnic (R) Aug National Corp. (2) May 
Cieta power bilateral (R) } Atomics International sold 500-watt research Nuclear Materials & Equipment Corp. offers 
New A-power plans afoot (2) init to Spain (R) Vet fuel materials in various forme (R) Nov 
North Rhine Weetphalia seeks a Dido-type re Babcock & Wileox, Con Ed: new core design Nuclear Metals Inc. building Mark-3 core f 
actor (FR) Jar t higher power, higher price (R Mar EBR-1 (RF Fk 
Nuclear merchant ships—world-wide efforts Babeock & Wilcox expanding Alliance research RAC NE names Robinson exec. secy. (R May 
Nov enter (R Apr Reactive Metals, Ine. formed by Mallory- 
Orders Dido from Head, Wrightson (# Nov } Babeock & Wileox gets contract on first mer Sharon and National Distillers (R Mar 
Satiafied on fuel supply (2) M 7 chant ship (R May Reactor systems research section set up at 
Set up by German subsidiary of Brown, Bover Babcock & Wilcox reports $2.4-million loss Armour Research Foundation (R Mar 
(R) May year in atomic energy (R May 2 Sanderson & Porter developing pebble-bed re 
June 


Situation summary (RR) Jn Bendix Aviation Corp. steps up nuclear pro actor with Aleo (R 
Starting DreO production this fall, expecta t gram, hires Creagan (R) Nov San Diego G&E to work with GA on fission 
make sales at 4 times U. 8. price; process cde He Nucleonics division folded up (R) Nov research (R Aug 
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il ¢ iys Princeton tract for 
ch center (RF Apr 
omic Energy Associates formed 
es; ear program (R July 

Nuclear Corp.—niew firm 

hed (R Apr 

low bidder on new BNL 

Feb 

Waltham plant (2)... May 
Carbide Re 
R Jan 
ledicates new Zr plant, says 
roducer (R June 
eaks ground at Waltz Mill for 
July 

to develop CVNPA plant 
June 
evaluation 


founds Union 


" ablishes reactor 
Waltz Mill (R 
me da Cheswick 


k 


new A-sul 


ird time 
contracts; 


rreements with ACEC, Fiat 
Aug 

agreement with Siemens 
ermat R June 
Mitsubishi on 
water reactor (R pr 
ane expended core facility at 
Feb 
Edison 


negotiating with 


s Yankee type to 
Jan 
with 

ay 


ontract for BTR 
ild power reactor for Caro 
R June 
le agreements analyzed in 
N Ke Nov 
Ww rallies (R Nov 
Instruments Detection 
tite for detectors 
Nov 
Swetnick 
June 
ic monitor for high-inten 
rhomas, Jr., a al, (CS 
Apr 
sands of samples in 12 hours 


K. Relf Apr 


portable 


inter M 


t monitoring in reactor coolant 
Heatl Dee 
x with indium foils M. Green 
Mar 
mentation D. Taylor Sept 
cracteristics of the spark counter 

1 N Nath June 
t beorption methods —-how do they 
J. Dunean, t 
Detection 


are Thomas Oct 
Instruments G-M & Propor- 

tional 
A rate indicator 


i counter for solid p-omitting 
Ss. Softky, R. Nather (CS) May 
logging probe F. Armstrong 
Oct 
1 radiation instruments 
Us June 
ontainer improves gamma count 
Dratz (C'S ug 
Instruments Detection, lon Chamber 
‘ timer simplifies small-current meas- 
ts L. Costrell, F. Attix (CS Feb 
has large area, low capaci 
W. Hews, et al. (C'S) Mar 
makes monitor independent of 
M. Jachter, A. Cohen (C8) 
Bept. 
method of measuring 
x de of known energy. ‘ 
O' Bri J. McLaughlin, Jr. (CS) Jan 
Instruments Detection, Photographic 
and Optical 
4 for tensile tests of irradiated metals 
he LD. Kaulitz (NE) Mar 
gest periscope (CS) Oct 
sdiography of beta-emitting par- 
N Dock im, R. Borasky (CS). . Nov. 
Inctremente Detection, Scintillation 
! tillation monitor for hands and 
J. Nicholls (CS Mar 
pounds containing H* and C 
u f June 
renkov detector ( Gordon, 
Vi Jan 
tion efficien of organic phos- 
‘ Naqvi Oct 
ime when counting weak sam- 
lov 
alpha monitor 
H. Hardison (CS July 
‘ in filter paper--a new de- 
yrol, et al. (CS Nov 
interchanging scintillation 
scalers W. Seaff, a al 


survey 


hamber 


aston. & 


area portable 


ae-rate meter is reliable 
W. Spear (CS 
nels improve liquid intillation 
tlau Apr 
low - counting B 
Oct 
spectrometer 
July 
pendence of photomultiplier 
Os Apr 
measurements G. Hine, et al 
Jan 
0. 1 - psec 
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gamma-ra 


ymultiplier has 


R10 
28 


R12 


resolution ‘ July 
lransistorized is instruments 
W. Spear (C'S June 
Wafer scanner locates U? rnup in fuel (CS 
Aug 
Instruments, Electronic 

An f-m multichannel pulse-height analyzer 
J. Russell, H. Lefevre (CS bet 
Automatic timer simplifies small-current meas 

Attix (C'S ‘ 

Counting thousands of samples in 12 hours 
automatically K. Relf Apr 
High-repetition-rate mer vuls L. Cos 
trell (CS) Nov 
Power 
counters and scalers Ww 


urements L. Costrel 


supply for terchanging scntillation 

Sehaff, ef al, (CS 
Sept 

register for automat 


Harmer, R 


Programming digital 
counting plots I) James (CS) 
May 
recording gamma-ra spectrometer 
Venable, Jr cs July 
Transistorized radiatio i y inetr 
W. Spear (CS June 
What's new in ther | j ? Aug 
Insurance 
AEC r l ane plan of 
licensees Oct 
British optimistic o abili overage avail 
ability (R lay 
demnity bill (R Sept 
House passes Federal indemnity bill (R July 
Risk rates to be stom-tailored (R Feb 
International Atomic Energy Authority 


Cole is director; evaluatior 


Simple 


iments 


Congress passes it 


of first session (R 
Nov 
Cole may head Ager first year's program set 
> Sept 
Eisenbud one of [AEA preparator 
aides (R Apr 
off till October (R June 
n fall (R 
Mar 
IAEA comes into being (2 Aug 
Jolles named IAEA preparatory group's seere 
tary (Rh) Jan 
Starte first conference (Rh Oet 
U.S. ratifies statute after 10 others (R July 


y commission 


First conference 


First general conference in Vienna 


Vienna prepares quarters (2) Jan 

Internationa! Organizations (See also /nter 
national dtomu duthority and 
Euratom) 

OEEC plans MTR 
unite (R May 

Organization of States sets up com 
mittee on pea lees to train nuclear 
acientiste (# May 

World Bank cludes agreement with Italian 
government on plant aid (ft Sept 

Irac 

Baghdad center giv ' isotope 


Energy 


homogeneous, 


course (R) 
July 
Baghdad center opened May 
Irradiation Facilities 4 Techniques (ee 
also Radiation applications, Nuclear reactor 
and Radiation effects 
AEC lists gamma, neutron facilities ik 
Nov 
Cobalt colossus is open at Oak Ridge (AR) 
Mar 
Dugway food irradiator uses 8 MTR elements 
C. Christensen, 4 a Aft) Dee 
Food-irradiation reactor D. Bray, C. Leyse 
July 
versatile cobalt-60 facilities: 1 
Goodrich facility RK. Bauman; 2. Rens 
selaer pool; 4, 4. two small cobalt facilities 
P. Aitken, e al ik Jan 
Gamma facility for use at high temperatures 
EK. Colichman, a al. (AR 
New York area gets service > facility (AR) 
Reactor-irradiator for meat Guernsey 
Ball 
Sinclair facilit 


Four simple 


MTR fuel (AR 
July 

service facilities irradi- 

elerators (AK Oct 


ines spent 


West conmat eaat conat 
ate with electron ac 
Isotopes 

AEC evaluates its isotope program (AH Apr 
How cheap can isotopes become? (AR). . Sept 
Isotope milker supples Ba!" from parent Ce 
R. Newacheck, eo al ik fay 
M. W. Kellogg accident —official report. . Dee 
Krypton-85 source improves industrial thick 
ness gages. EK. Swift Mar 
Linear accelerators as radioisotope producers 
MactCiregor (AR Nov 
Radioisotopes W. Libby Rept 
Sb'** marking for a safer dyna Nov 
Soft betas extend light-sour Sept 
Squibb built $200,000 plant to make medical 
isotopes (R) Apr 

Uneseo conference on radioisotope use (AR) 
Aug 


Isotopes, Labeled Compounds 

Assaying compounds containing H* and C* 
G. Okita, et al. (CS June 

C™“ tracer measures fuel distribution D 
Cooper (AR) June 

Quantitative measurement of 8" in biological 
sam ples K. Poddar (¢ Jan 

Isotopes, Radioactive 

A Nobel Laureaté 
Seaborg Sept 

Carrier-free giase I 
Preias, TL. Fink (4 Oct 

Determination of P** } Anders, W 
Meinke (CS Dec 

NBS offers neutro ration (CS 

” Oct 


looks future G 


solutior 


Me™ (AR 
June 
Perkel 


June 


New process makes high-activity 
Resolving complex decay curves > 
(t's) 


Separated channels improve liquid scintillation 
counting M. Blau (CS Apr 
Israel 
Buying 1-Mw pool from AMF Atomics (# 
June 
New program to provide for nuclear industry 
(R) Jan 
Italy 
Acceleration of efforta reported (Rk Ape 
CAAI founded to promote aireraft, nuclear 
progress (R Apr 
Edisonvolta buys 134-Mw Weating ise power 
reactor (R Jan 
Engaged Kennedy & Donkin of Britain, con 
sulting engineers (# Nov 
Cietsa power bilateral (# Sept 
Liner Leonardo da Vineet ti nvertible 
R July 
May nationalize atom (R Aug 
Reported seeking 100-Mw plant (R) 
Mar 
BORIN buys AMI om o ’ July 
Who's who of reac groups 
listed (Rk Sept 


Japan 
15Mw(e) reactor import soug ! JAERI (RA 
Sept 
Forum plans sessions in ‘Japan (fh) May 
Heavy water plant starts operations (Kk May 
IRRK-1 completed; fuel shipped (R June 
Kawasaki to build an A-tanker by 1065 (FR 
Nept 
Mitsubishi negotiating with Westinghouse on a 
reactor sale (# pr 
Mitaubishi seeks Weatinghouse te on A-ships 
(Rk) Aug 
Natural U being imported from France, Can 
ada (ft Oct 
ew power plan, costs (ft Apr 
Nuclear merchant ships ) ide efforts 
Nov 
lo build radiation study center (# June 
Transportation Ministry plans 3-yr A-ship pro 
gram (R) Nept 
BS. leases U*"* to Japan (2 Jan 
I 5. salesmanship at Forum meeting com 
mented (f) June 
Yukawa resigns from JABC # pe 
Joint Congressional Committee ’ 
gressonal Committee, Jor m Atom 


K 


Kinetics, Reactor (See Neacto 


L 


Legislation See also Congressonal Commit 
tee, Jount, on Atomic Knergy 

Illinois enacts radiation licensing law (# 

Political history of the peaceful 
Allardice, E. Trapnell 

Letters to the Editor 

Addenda, F. Davie June 

Addenda 8. Forbes June 

Authors’ reply Kh. Murray, A. Banister 


Sept 


Rept 
atom 
Bept 


Brazilian activities, M. de Sousa Santos 
Jan 
Burnout calculation. B. Wolfe Bept 
Caat fuel rods W. Kelly Veb 
Data Sheet 19 errata, W. Lewie Bept 
Dreadful sorry, Clementine Pr. Mygatt 
Bept 
Ermene Apr 
Pyrophoricity «a eafe way b. Krane Mar 
Pyrophoricity -enigma. J, Bedell Mar 
106; (reply) K. Smith Mar 
Pyrophoricity —plaudit P. Howe Mar 
Shielding computations M. Cirotenhuis 
Apr 
Uranium in rocks G. Kiehhols July 
What's ina name? H. Blats Avg 
Licenses (Mee Atomu Knergy Commission 
Liquid Metals (See Nuclear reactors and Heat 
transfer) 
Los Alamos Scientific Laboratory 
LASL puts Godiva-2, replacement for Godiva-1 
into operation (# July 
New critical assembly, Hydro (K Jan 


M 


Manpower (Bee Education 
Materials (See Coolants, reactor and Fude and 
fuel elements, reactor 
Mathematics 
Computing 4-group constants for neutro iif 
fumon RK 
How to integrate the U*"* fiasion-neutron apec 
trum lV. Binford (N#) heb 
Measurements (See aloo [netruments) 
Counting thousands of samples in 12 hours 
automatically K. Kell Apr 
D-C magnetic flowmeter for liquid sodium loopa 
C. Phater, Rh. Dunham (NA Oct 
Effective cut-off energy of cadmium for neu 
trons. I. Dayton, W. Pettus (NE lec 
How to save time when counting weak -— 
ov 
ex plomons 


Nitrogen fixation K 


See also Computer 


Jeutech Jan 


(US) 
Rapid method for dating nuclear 
Akpinar (CS July 


Resslelon complex deca wy LD. Perkel 
(C8) June 
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Well-bottom container improves gamma count 
in A. Drata (CS) Aug 

Medical Physics and Research (‘See also 
Health physica) 

Biologica suagenne. to radiations. D 
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Baird -Atomic 


INSTRUMENTS 
FOR 1958 


B-A MODEL 1BIA 

. . » Versatile Scaler for General Purpose Counting 

Completely redesigned version of the DEKATRON® glow tube scaler 

originally designed and developed by Baird-Atomic. For integral pulse 

height analysis and scintillation and proportional counting 

B-A MODEL 132 - MULTISCALER® I 

. . . General Purpose High Speed Glow Tube Scaler 

New all electronic DEKATRON scaler for universal high speed count- 

ing; geiger, proportional and scintillation counting with extreme versatil- 

ity; medical and industrial research, Has both elapsed time and preset 

time capabilities. Contains both high and low voltage power supplies 

for use as a complete counting system with any preamplifer — 

detector combination 

B-A MODEL 134 

. . . University Series One Microsecond Glow-Tube Scaler 

New advanced unit for high capacity and ultra-high speed counting 
. up to 1 million counts per minute with the ultimate in reliability 

For fast scintillation, proportional, reactor and research applications. All 

electronic indication by six DEKATRON glow tubes with direct 

read-out feature 

B-A SCALER ASSEMBLIES 

. . « Many other all new B-A combinations available including 

Binary Scalers. 


B-A MODEL 412... Precision Dual Rate Meter 

New standard of performance simultaneously provides logarithmic and 
precision linear multi-range displays. A premium unit for high speed 
scintillation and proportional counting systems, fast quantitative analysis 
of medical or industrial samples, reactor monitoring, systems with wide 
dynamic range of pulse heights, and other applications requiring ex- 
tremely accurate monitoring systems This new instrument is sup- 
plemented by 

B-A MODEL 410... Count Rate Monitor 

Reading average counts-per-minute for industrial safety and tracer 
applications 

B-A MODEL 414 

. . . Single Scale Logarithmic “Gun Type” Survey Meter 


Portable unit for instantaneous direct readings of radiation dose rate. 








B-A MODEL 870... Alpha Scintillation Probe 

New large area scintillation detector with high alpha sensitivity. For 
general alpha contamination surveys; monitoring of personnel, clothing, 
laboratory and —_ equipment; surface area monitoring; measurement 
of air sample filter papers. Advanced optical a for efficient light 
collection. Specially designed conical, highly reflective acrylic light pipe 
couples 5.5” diameter ZnS(Ag) phosphor screen to magnetically 
shielded photo multiplier tube. Stable, gain preamplifier to boost pulse 
height with minimum hum and interference all enclosed within rugged, 
lightweight steel shell. 

For detailed specifications and information, request new catalog A-l 

*Patented on your company letterhead, 


Baird-Atomic, Inc. Beir 


33 UNIVERSITY RD., CAMBRIDGE 38, MASS ao etiac 
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Honeywell'sReactor Simulatorresponds 
like a low-power research type re- 
actor, and will cover a range of 0-150 
percent of reactor design power. All 
amplifiers, recorders and controlinstru- 
ments ore operative, and are the same 


as those used in actual reactors 


For realistic reactor training 
- « « Honeywell’s Reactor Simulator 


Here’s the practical approach to reactor training. This Simulator is an 
analog of a functioning reactor—complete with full-size control, recording 
and safety systems exactly like those used in current research reactor 
installations. It accurately reproduces important reactor functions, substi- 
tuting electronic response for nuclear reactions. 


In designing the Simulator, Honeywell has applied its broad experience 
in planning and manufacturing actual packaged reactor control systems. 
This experience is combined with a rigid quality standard that makes the 
Simulator a highly flexible and accurate training instrument. 


The Simulator faithfully reproduces important reactor functions, is com- 
re} 
pact and simple—offers high performance at low cost. 


Your nearby Honeywell field engineer can give you full details. Call him 
today ... he’s as near as your phone 

MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, Wayne 
and Windrim Avenues, Philadelphia 44, Pa. 


Honeywell 





